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Editorial Back to What School? 


Articles Sex Chromatin and Phenotype in Man: ™. L. Barr 
Disagreement between nuclear sex and phenotype raises questions about the 
cause of sex anomalies. 
Intercellular Activities in Vertebrate Development: J. Oppenheimer 
Problems of embryonic organization are being attacked at subcellular, 
cellular, and supracellular levels. 
Relationship between Stimulus and Response: S. Loewe 


The “sha e” of the roblem serves to clarify the dis arity between graded 
‘ 4 é Ss 
and quantal response. 


News of Science AAAS Library Program Releases Book List; Senate Committee Reports Effects of 
Hypothetical Nuclear War; AAAS Oceanographic Congress Has Large Attendance 


Book Reviews’__B. J. Bok’s The Astronomer’s Universe, reviewed by A. Soadage; other reviews ... 


Reports Occultation of the Bright Star Regulus by Venus: J]. A. Hynek 
Paleolithic Paint: S. Judson 


Left-to-Right Shunt Detection by an Intravascular Electrode with Hydrogen as 
ae tueicator: LC. Clark, Jr, and L. M. Bargéron; Tre . ikon dce nee ee 


Potentiation of Epinephrine and Norepinephrine by Iproniazid: 
J. L. Borowitz and W. C. North 


Acrylamide Gel as a Supporting Medium for Zone Electrophoresis: 
S. Raymond and L. Weintraub 


Mechanism of Enzymatic Oxidation of Purines: H. Kwietny et al. ............... 
Development of Communication between Young Rhesus Monkeys: W. A. Mason .. 


Average Potassium Concentration of the Human Body as a Function of Age: 


E. C. Anderson and W. H. Langham 


Changes in the Pattern of Nitrogen Excretion during the Life Cycle of the 
Newt: G. Nash and G. Fankhauser 


Mummified Seal Carcasses in the McMurdo Sound Region, Antarctica: 
T. L. Péwé, N. R. Rivard, G. A. Llano 


Ocean Water as a Source of Ice Nuclei: G. W. Brier and D. B. Kline 


Effect of Strontium Replacement for Calcium on Production of Motile Cells in 
Protosiphon: J]. C. O’Kelley and W. R. Herndon 


Departments Letters; Forthcoming Events; New Products 
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Model 314 





Automatic 


Where considerable counting is done, 
the Model 314X Tri-Carb Spectrometer 
has proved invaluable in saving overall 
time and in utilizing laboratory person- 
nel to better advantage. Completely 
automatic, it handles up to 100 samples 
and permanently records all data on 
paper tape. It can be operated around 
the clock without attendance. 


Semi-Automatic 


For laboratories that anticipate in- 
creased counting in the foreseeable fu- 
ture, Model 3148S provides efficient 
handling of present requirements, plus 
easy conversion to fully automatic oper- 
ation at moderate cost. This can be 
done at any time simply by adding the 
100-sample turntable, digital printer 
and the transistorized automatic 
control cabinet. 


Model 314 is for laboratories not antici- 
pating increased counting in the near 
future. Even this model, however, can 
be converted to fully automatic opera- 
tion, if and when required. This is done 
by replacing the manual with the auto- 
matic sample chamber and shield and 
by adding the digital printer and tran- 
sistorized automatic control cabinet. 


All three models offer all the advan- 
tages of the Tri-Carb Liquid Scintilla- 
tion Method for counting alpha- and 
beta-emitting isotopes: sensitivity, ver- 
satility, simplicity of operation and ease 
of sample preparation. 


GRANG 





Precision... 
Convenience... 


Simplicity. . . 











Automatic Control Cabinet 








ee Digital Printer 








Tri-Carb Spectrometer 
Control Console 








For detailed information on the Tri-Carb Liquid Scintillation Method 
and specifications on Tri-Carb Spectrometers request latest bulletin. 
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Biochemicals 
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is one of our proudest assets! 






Every biochemical we offer must meet or exceed our rigid Quality Control standards. Every chemical is 
tested for adherence to specifications. Every NBCo biochemical is of the HIGHEST possible quality com- 
mercially available ... at the lowest possible price. In addition to our reputation for high quality at a 
low price, we pride ourselves in offering the FASTEST service of any research biochemicals company: all 
orders shipped within 24 hours of receipt, and we can even provide emergency shipments within ONE hour! 
Why not find out for yourself why we have become the nation’s leading research biochemicals organization? 


Our catalog of more than 2,500 items includes: 


@ Over 300 Amino Acids @ Enzymes — Crystalline 
@ Over 90 Peptides @ Enzymes — Purified 
@ More than 200 Nucleoproteins, @ Growth Factors 
Purines, Pyrimidines @ Steroid Hormones 
@ Miscellaneous Biochemicals ® Biological Salt Mixtures 
@ Vitamins ®@ Biological Test Materials 
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OUR NEW JULY 1959 CATALOG 


containing more than 2,500 items is now ready. Fill 
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@ Carbohydrates 
@ Purified Proteins 
@ Fatty Acids 


Antibiotics 


@ Alkaloids c 
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SCIENCE is published weekly by the AAAS, 1515 Massachusetts Ave., NW, Washington 5, D.C. Entered at the Lancaster, Pa., Post Office as second class 
matter under the act of 3 March 1879. Annual subscriptions: $8.50; foreign postage, $1.50; Canadian postage, 75¢. 
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Research 
Scientists and Engineers 
with MS, PhD or ScD 


So» ee 
RN CPS ae 3 


The Scientific Research Staff Invites 


SCIENTISTS AND ENGINEERS 
TO INITIATE ORIGINAL RESEARCH 


“The Scientific Research Staff of Republic Aviation Is Engaged 
In Performing Theoretical and Experimental Research In the Physical 
Sciences Vital to The Growth of Aeronautics and Astronautics. Qualified 
Individuals are Offered Generous Support In Carrying Out Investigations 
to Demonstrate the Validity of Ideas Leading To Significant 
Advances in The-State-Of-The-Art.” 


Members of Republic’s Scientific Research Staff have been carrying on independent 
investigation in a progressive research environment since the formation of the group 
three years ago. Each individual is encouraged to pursue areas of research in which 
he feels he may make the greatest contributions. 


The ability of this environment to aid in bringing theoretical concepts into the 
realm of feasible engineering has been amply demonstrated. An example is the Plasma 
Pinch Engine conceived by members of this staff. Originally backed by Republic 
funds, it is now receiving supplemental support under government contracts. Among 
other research in advanced stages are programs on lifting fans and new methods of 
structural analysis. 


TODAY THE RESEARCH STAFF 
IS BEING AUGMENTED — 

to emphasize existing areas 

and to open new ones. 


IF YOU FEEL YOU CAN 

CONTRIBUTE TO THE a 

WORK OF THIS GROUP Supporting Republic’s expanding effort in research and develop- 

R blici d di 7 ment, a new Research Center, including 7 modern laboratories, 
epublic is ready to discuss will be completed this year. One hour from New York City, yet 

your interests with you. situated in the center of Long Island, this laboratory is ideally 

Salaries are high, commensurate located for both working and living. 


with talent and creativity. 





Immediate Opportunities Exist for Scientists and Engineers in the Following: 


ELECTRONICS PHYSICS-MECHANICS ASTRODYNAMICS 
Navigation & Guidance Systems Classical Physi se : : 

Communications Systems Auli’ Metidanics se & Fluid Dyneamcs 
Radiation & Propagation Control Theory Thermodynamics & Heat Transfer 
(RF, IR, UV) Hydraulics & Pneumatics Aero, thermodynamic Phenomena 
Solid State & Thermionic Devices Hypersonics 
oud Ga ad NUCLEAR PHYSICS Plasma Dynamics 

SICS Nuclear Energy for Power & Propulsion 
roi | 4 Specialized Reactors for MATHEMATICS 
osmic Electrodynamics Military Applications : 

Celestial Mechanics Industrial Uses of Radioisotopes pete Moth sc 
Radio Astronomy {nteraction of Radiation with Matter Perturbation Procedures 
Atmospheric Physics Applications of Nuclear Explosives Asymptotic Expansion 


Write in confidence directly to Dr. Theodore Theodorsen, 
Director of Scientific Research 


STEP AVIATIan 


Farmingdale, Long Island, New York 
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PASTEURIZATION 
FRACTIONAL STERILIZATION 


PRESSURE STEAM STERILIZATION 


wih AMERICAN 

Square Cabinet 
LABORATORY Sterilizers 
featuring \sothermal Control 


@ The diverse sterilization needs of the modern 
technical laboratory are fully and economically met 
by the versatility of American Sterilizer Pressure 
Steam Laboratory Sterilizers. 





Accurate, low-temperature processing of heat- 
sensitive or heat-coagulable media and fluids is 
readily performed by Amsco’s exclusive Isothermal 
Control which maintains pre-selected chamber 
temperatures well within the critical tolerance. 


The fully automatic Cyclomatic Control assures 
positive standardization of techniques with a 
minimum of time and attention from the operator. 


Up to 100% greater usable capacity is provided 
by the square chamber which permits more efficient 
loading. Installation and maintenance are simpler 
and less costly because of the stainless steel cabinet. 


For steam or electric heat. Chamber sizes 
16’’x 16’’x 24” or 20’’x 20’’x 36”. 





FREE 


AMERICAN Write for Amsco’s new 
16-page brochure SC-318R 
STERILIZER illustrating a complete variety 
LaTET PER RUTEVE NIA of standard and special purpose 
sterilizers for pressure steam 
World’s largest designer and or ethylene oxide gas. 
manufacturer of Hospital and 
Laboratory Sterilizers, Surgical 
Tables, Lights and Biological 
Research Equipment 
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THE VARIAN MAGNET STANDARD: 
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Laboratory magnet systems demonstrating 
outstanding field uniformity and time stabil- 
ity do not just “happen.” Proven perform- 
ance at the installation site is the last link in 
a long chain of events. The other end of the 
chain must be firmly secured to specialized 
understanding gained from years of painstak- 
ing research and practical experience. 

For the laboratory that is progressing toward 
more advanced projects, Varian Magnets are 
the world’s most precise. Such truly precise 








laboratory magnet systems must display time 
stability of magnetic field which is at least 
comparable to its available air gap homoge- 
neity. Knowledgeable circuit design, use of 
high quality components, and excellent work- 
manship combine with Varian’s decade of 
experience to achieve this necessary condi- 
tion. Varian’s line of power supplies ideally 
matches each member of the magnet family. 


Varian magnet systems have rarely outlived 
their usefulness in any of the hundreds of 


VARIAN'S STANDARD LINE OF LABORATORY MAGNETS— Available on short delivery 


4-INCH 

GENERAL PURPOSE — V-4004 

A classroom and general-purpose 
laboratory magnet that is very 
flexible, low in cost and easily 
moved wherever needed. Air gap 
is continuously adjustable by a 
simple turning of hand knobs. 
Open yoke provides easy access to 
gap from all sides. Photo shows 
magnet, power supply, and cur- 
rent regulator (each available in- 
dividually) mounted as a single 
mobile unit. One week delivery. 
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6-INCH MODELS — 

V-4007-1 AND V-4007 

These are high-precision magnets 
that provide optimum field homo- 
geneity within the inherent possi- 
bilities of the 6-inch diameter. They 
provide ample performance for 
EPR Spectrometers and many other 
laboratory uses. The two models 
each have a different rotational 
axis: the V-4007-1 vertical, the 
V-4007 horizontal. The V-4007 
magnet can be supplied with 
shaped axial holes. 
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Unmatched performance 
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free-world laboratories where they are in- 
stalled. And Varian Service Engineering en- 
circles the globe to insure continued optimum 
use and performance from this equipment. 


One of Varian’s major scientific accomplish- 
ments is the NMR Spectrometer which at- 
tains resolution of one part in two-hundred 
million. Associated magnet field homogeneity 
and time stability are central factors in 
achieving such unparalleled resolution. An- 
other significant example of Varian’s magnet 


12-INCH MODELS —V-4012-A, 

V-4012-3B AND V-4012A-SM 

Best available field homogeneity 
and largest air gap working vol- 
ume. The V-4012-3B rotates about 
vertical axis. V-4012 A offers hori- 
zontal axis yoke adjustment. V- 
P 4012A-SM is specifically for use 
with the Varian 60 mc NMR Spec- 
trometer. It provides extraordi- 
nary field homogeneity over a Sa, 
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technology is the “shaped hole” technique 
(just announced) for magnet pole faces. This 
permits axial passage of light rays and 
charged-particle beams into the air gap with- 
out deteriorating the field uniformity in the 
sample region. These are end results of 
Varian’s continuing magnet research and de- 
velopment program devoted to product im- 
provement, design of new models and creation 
of accessory items. 


Full performance details and equip- 
ment specifications are available in our 
literature. Write today to the 
Instrument Division 
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small volume at strengths up to 


14,100 gauss in a fixed air gap 


width of 1.75 inches. 
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NMR & EPR SPECTROMETERS, MAGNETS, GRAPHIC RECORDERS, MAGNETOME7ERS, 
MICROWAVE TUBES, MICROWAVE SYSTEM COMPONENTS, HIGH VACUUM EQUIPMENT, 
LINEAR ACCELERATORS, RESEARCH AND DEVELOPMENT SERVICES, 
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Announcing Two New \ si 
Analytical Balances... 














Acutely aware of this vital fact, the METTLER 
designers and engineers have extended themselves 
to build the highest possible degree of precision into 
the new analytical balances, types H-15 and H-16. 


THE ‘ELEGANT’ 
BALANCE BEAM 


The new units contain major advances in bal- 
ance design, covered by patents and consequently 
not to be found in any other balances. The patents 
cover the built-in concentric ring weights, the 
arresting mechanism and the air damping system. 





These METTLER exclusives, together with the 
many proven features retained from the well- 
known METTLER analytical balances of ‘type B, 
help to achieve the outstanding precision of the 
new types. 


THE HEART OF 
THE BALANCE 


™)?. pw %) etter 
ea ‘ip 


OPERATING CHARACTERISTICS: 
H-15 H-16 
STANDARD SEMI-MICRO 
Capacity: 160 g 80g 
Precision 
(Standard deviation): +0.03 mg +0.01 mg 
Accuracy in the optical range: ++-0.05 mg +0.02 mg 
Calibration of weights: within class § standards 
Price: $770.00 $895.00 


To secure the greater accuracy of weighings 
made within the optical range for the largest pos- 
sible number of weighings, the optical range of 
both balances has been extended to 200 mg. This 
is a noteworthy feature, it is unique and particu- 
larly valuable in the semi-micro model. 


For full information on the new, outstanding 
METTLER analytical balances, write to us today. 


METTLER INSTRUMENT. CORPORATION 
BOX 242, HIGHTSTOWN, NEW JERSEY 
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| Modern ..- - Versatile. 
Scat Economical! 


oe FAY) | INTERNATIONAL’S 


well- 


“3 BAY\| — ALL-NEW MODEL UV 
UNIVERSAL CENTRIFUGE 


This latest contribution to centrifuging 
= Sa WS progress combines in one moderately 
: \ ae: AY priced unit all the features most wanted 
‘ ‘ by medical and industrial laboratories. 
STREAMLINED DESIGN! Cabinetized construction 
adds new eye appeal to traditional International 
| ee. \ “work horse” ruggedness. Unitized control panel 
3 simplifies operation. Convenient storage space keeps 
accessories handy. 
ERSATILITY! Swings more than 80 
t speeds up to 
5400 RPM. For example: 4 one-liter bottles, 150 serum 
tubes, 6-250 ml bottles, 16-50 mi tubes. 


MOST-WANTED FEATURES! Stainless steel 
ning easy. Electric 











WIDE-RANGE V 
different accessory combinations... 4 


ol ee “OS ® guard bowl makes clea 

itn. : : tachometer, timer and brake assure accuracy --- 
g : ee improve performance. Powerful series-wound 

ig. ot motor is international-made for extra reliability. 
}mg Pie a GET ALL THE FACTS about this modern, 
mg 3 ae $e versatile, economical centrifuge - - . the one 
rd : Nei oe model you can standardize on for general-purpose 

. SES Renee, a . laboratory work. 
ings 
pos- 
eof Ee INTERNATIONAL Ee 
Co gaa QUIPMENT CO 
ticu- fo ie ae OLDIERS FIELD ROAD « 3 
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ional’s all-new MODE 
L UV Universal Centrifuge 
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What makes the 


EM-75 ELECTRON 
MICROSCOPE 


the best in 


its class? 




















The new EM-75B is a magnetic electron microscope 
designed to bridge the gap between light optics and high 
image resolution by providing enlargements ranging from 
1,000 to 12,000 diameters under direct observation. 


Its “workhorse” features are perhaps most outstanding. 
Reports from users indicate that upwards of 125 good 
quality micrographs are made daily . . . and all this with 
surprisingly low “down-time.” 


Exclusive operating features offer unusual dividends 
through broadening techniques and increasing applica- 
tions. Its extreme flexibility provides a versatile tool 
for many newly conceived experimental techniques, re- 
quiring special manipulation and/or special physical 


Norele 


Serving Science 
and Industry 





ey 









treatment of the sample while being studied in the 
microscope. 


The EM-75 is unmatched as a general service tool, an 
excellent educational instrument and a perfect control 
medium for laboratories. In addition, an electronics con- 
sole and kit readily converts the EM-75 into an X-ray 
microscope — permitting exploitation and evaluation of 
opaque specimens. 


Why don’t you investigate the many other features of the 
EM-75? Write today for particulars. 


PHILIPS E:..EeCTRONICS, INC. 


Instruments Division 750 SOUTH FULTON AVENUE, MOUNT VERNON, N. Y. 
In Canada: Research & Control Instruments * Philips Electronics Industries Ltd. * 116 Vanderhoof Ave. * Leaside, Toronto 17,. Ont. 
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-new laboratory apparatus made from rugged “hard” glass 


New Krmax laboratory glassware from 
Kimble may offer you new opportuni- 
ties for greater savings through dis- 
counts, Ask your dealer about them. 
Kimax incorporates Kimble’s high 
standards of accuracy, design and 
workmanship with new durability. 


26015 DISTILLING FLASK. Reinforc- 
ing bead on rim for extra strength. 
Side-tube seal to neck is uniform and 
heavy. Uniform walls, “hard” glass 
construction provide additional 
strength. In sizes from 25 ml capacity 
to 1000 ml. 


22012 DISTILLING RECEIVER. Made 


KIMBLE LABORATORY GLASSWARE 
AN @ PRODUCT 
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of KG-88 “hard” glass to withstand 
thermal] shock. Calibrated to contain, 
retested for accuracy. Standard taper 
joints carefully ground. 10 ml capacity. 


18130 CONDENSER. Built to with- 
stand thermal and mechanical shock. 
Sealed-in inner tube has standard taper 
joint and drip tip at outlet. Adapter is 
tooled for accurate stopper fit and 
thick-walled for greater strength. In 
two sizes—300 mm and 400 mm. 


24071 EXTRACTION TUBE. Made of 
heavy, uniform tubing for greater 
strength. Vapor tube protects siphon 
tube. Standard taper joints. Available 


in three inside tube diameters—30, 88 
and 50 mm. 


20007 ASTM GRADUATED CYL- 
INDER. Calibrated to contain. With 
round base (60 mm diameter) to fit 
cooling baths. Reinforcing bead at top. 
Uniform, heavy walls. ; accu- 
racy of entire scale. Durable markings. 
Complies with ASTM requirements. 
Also available in 25 ml capacity. 

See your Kimble dealer for more de- 
tails or write Kimble Glass Company, 
pegs of Owens-Illinois, Toledo 1, 
Ohio. 


KIMAX is ——— dealers ew 
States, Canada and principal foreign cities 


Owens-ILLINoIs 


GENERAL OFFICES + TOLEDO 1, OHIO 








Important news about the first books to come out of the 







SCIENCE 
_ STUDY 
SERIES | 

s 








Daring the past three years the Physical 
Science Study Committee, a group formed 
at M.I.T., has been working on a program 
of fundamental importance: to reshape the 
teaching of physics in secondary schools in 


the United States. 


One vital part of this work has been the 
commissioning of distinguished scientists to 
write books which will explain the essence 
and satisfactions of their work to searching 
minds of all ages. The first five Science 
Study Series books, in soft covers and de- 
signed for wide distribution and sale at pop- 
ular prices, are now being published by 
Doubleday Anchor Books. 


During the coming year, at least fifteen of 
these cogent, readable, illustrated books 
will be made available. Ultimately, the Sci- 
ence Study Series will comprise more than 
seventy paper-back volumes. They will 
range over the key topics of modern physics 
and geophysics. They will highlight the 
relationships between the physical sciences 
and the life sciences. They will revive the 
most stirring eras in scientific history and 
the lives of the great scientists. Although 
an occasional classic will be included in 
the Series, most of the titles are being espe- 
cially written to meet the vast and ever- 
growing needs of an American public whose 
future may well depend on its scientific 


awareness. 


In addition to the books listed elsewhere in 
this advertisement, future volumes are now 
being prepared by such eminent scientists 
and authors as I. Bernard Cohen, Rene 
Dubos, Freeman J. Dyson, Laura Fermi, 
Donald G. Fink, William A. Fowler, Alan 


Holden, Bernard Jaffe, Alexander Kolin, 
Philip Morrison, Robert M. Page, Bruno 
Rossi, Victor F. Weisskopf, Jerome B. Wies- 
ner, and Robert R. Wilson. 





“There just weren’t any such books 
when I was a high school student. 
How lucky those who want to learn 
about science will be to have them. 
These books are written by men who 
know first-hand what is important and 
what isn’t, what is known and what 
still is not understood, what can be 
validly explained in simple terms and 
what can’t. And, through the facts and 
explanations glows a true and real 
background of science and scientists 
which no non-participant could pro- 
vide .. .”—JOHN R. PIERCE, Director of 
Research, Communications Principles, 
Bell Telephone Laboratories. 


“The Series is superb ... The discus- 
sions are clear and to the point, and 
certainly should prove thrilling and ex- 
citing reading, not only to youngsters 
but to intelligent oldsters as well.”’— 
CHAUNCEY D. LEAKE, President-Elect, 
American Association for the Ad- 
vancement of Science. 











Board of Editors 


PAUL F. BRANDWEIN 
The Conservation Foundation; 
Harcourt, Brace and Company 


JOHN H. Durston 
PSSC; Educational Services Incorporated 
FRANCIS L. FRIEDMAN 
Professor of Physics, M. I. T. 
SAMUEL A. GOUDSMIT 
Chairman, Physics Department, 
Brookhaven National Laboratory 


BRUCE F. KINGSBURY 
PSSC; Educational Services Incorporated 


PHILIPPE LECORBEILLER 
Professor of Applied Physics and General 
Education, Harvard 


GERARD PIEL 
Publisher, Scientific American 


HERBERT S. ZIM 
Golden Press 





The Science Study Series is available wherever Anchor Books are sold, and is distributed 
to high school students and teachers by Wesleyan University Press, Columbus, Ohio. 


For further information, please write to 
DOUBLEDAY & COMPANY, INC., 575 MADISON AVENUE, NEW YORK 22, N. Y. 


660 






Physical Science Study Committee 
THE SCIENCE STUDY SERIES 
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The first five titles in the Series 
to be published September 10: 


THE NEUTRON STORY 


By Donald J. Hughes, Brookhaven National 
Laboratory. An absorbing survey of the nature 
and the uses of the neutron in the atomic age. 
‘Most concise and clear introduction to neutron 
physics.’’—HAROLD T, PETERSEN, JR., Westinghouse 
Science Talent Search Winner, Valley Stream, 
New York 39 drawings, index, 95¢ 


MAGNETS: 
The Education of a Physicist 


By Francis Bitter, M.I1.T. “MAGNETS is a little 
gem. It is a masterpiece. This combination of 
autobiography and popular scientific exposition 
is very rare and extraordinarily effective in bu- 
manizing the whole subject.’”-—B. ALDEN THRESHER, 
Chairman, College Entrance Examination Board 

27 drawings, index, 95¢ 


SOAP BUBBLES AND THE FORCES WHICH 
MOULD THEM 


By Sir Charles Vernon Boys. “SOAP BUBBLES 
is a superb classic that I am delighted to have 
available once more. It is as fresh as ever, and 
remains just the sort of book by a distinguished 
scientist . . . that can capture the imagination of 
the young (and the old).”—DEREK J. DE SOLLA 
PRICE, The Institute for Advanced Study 

69 drawings, 95¢ 


ECHOES OF BATS AND MEN 


By Donald R. Griffin, Harvard University. How 
bats, porpoises, beetles, electrical engineers, and 
blind men use echoes to navigate. “An almost 
ideal popularization of science: lucid without be- 
ing condescending, authoritative and thoroughly 
scientific, but more fascinating than most novels.” 
—GEORGE GAYLORD SIMPSON, American Museum of 
Natural History 15 drawings, index, 95¢ 


HOW OLD IS THE EARTH? 


By Patrick M. Hurley, M.1.T, Provocative new 
theories on the origin and nature of the earth, 
with emphasis on recent findings on the earth’s 
interior radioactivity. 

27 drawings, 8 halftones, index, 95¢ 


Forthcoming titles available 
early in 1960 include: 


The Physics of Television * Galileo * Crystals 
and Crystal Growing * Radio Astronomy * The 
Birth of a New Physics * Waves and the Ear 
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PROPORTIONAL FLOW COUNTER 
with Windowless Sample Changer 
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of all Picker instruments... , 
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reliability, dayin and day out % ratemeters 
° oe ° & 
simplicity of operation ® flow counters— 

‘ 5 windowless and 
ease of maintenance e ultrathin 
unique versatility Pi window 

p * ’ ¢ automatic 
% } changers for 
me ses -*” solic samples 
wen os 
eter) well counters 


for instance... 


pe in high efficiency measurements of eiemetls semole 


alpha and soft beta radiation well type 
this PROPORTIONAL FLOW COUNTER — 
is hard to beat ay 
high voltage 
supplies 
windowless operation or wirathin window 
(under 0.15 mg/cm?) printi interval 
uses cheap, plentiful Methane gas — 
(commercial grade: purity not critical) 
operates at less than 3000 volts count and time 
resolving time less than 1 microsecond printers 
built-in amplifier spectrometers 
separate long alpha and beta plateaus recorders 
works with automatic sample changer survey meters 
focusing 
collimators 
Get the story from your local Picker man. 
There’s probably a Picker District office scintillation 
near you (see local phone book) or write scanners 


Picker X-Ray Corporation, 25 South 
Broadway, White Plains, New York. mobile 


muclear 


FLOW COUNTER with 
Manual Sample Changer 


FLOW COUNTER with 
Automatic Sample Changer 














In the instrument with the TAPE-SLIDEWIRE 


... highest accuracy 
costs no more 


The basic accuracy of the Ta’Pot® results from its designed built-in 

correction for variations in wire diameter, structure or mechanical 

arrangement. Calibration is simply represented by punched holes 

in the tape (for gearing to an in-line counter) or by printed scale 

markings on the tape. B & H Instruments incorporating the Ta’Pot 

The Ta’Pot® is have anormal accuracy of 0.1% and higher accuracy is available. 

the fundamental 

component of these NO MANUAL TAPPING or PADDING is PERFORMED or NECESSARY. 

wipe Instruments: LOW COST and HIGH ACCURACY ARE the SIMPLE and NATURAL 

Aves ATTRIBUTES of the DESIGN! IT CANNOT BE MADE LESS ACCURATE! 
MILLI-V-METER™, 
JETCAL Analyzer®, 

TEMPCAL 


TA'POT is the registered trade mark of . For particulars write or telephone (EDison 6-7243) 
i B«H INSTRUMENT Co., INC. 
3479 West Vickery Blvd., Fort Worth 7, Texas 
Sales-Engineering Offices: ATLANTA, GA., COMPTON, CALIF., DAYTON, OHIO, VALLEY STREAM, L.1., N.Y., 
WICHITA, KAN., TORONTO, ONT. (George Kelk Ltd.), MITCHAM, SURREY, ENGLAND (Bryans Aeroquipment Ltd.) 
SCIENCE, VOL. 130 














More Beckman DK’s are used in more applications than all other ultraviolet recording 


spectrophotometers combined...Why? Because the DK is a laboratory workhorse.% Because it’s 


simple to use and automatic. % Because a complete line of accessories and a measurement range of 185 
to 3500 my makeit versatile in use. Because it’s the lowest priced recording spectrophotometer avail- 
able. And because the DK is sold and serviced from over 75 locations throughout the United States. 
For detailed specifications on this outstanding Recording Spectrophotometer, contact your con- 


venient Beckman DK dealer or write us for Data File 38-37-03. Beckman: 
Scientific and Process / Instruments Division 


. Beckman Inst ts, Inc. 
See this and other Beckman products, Booth 63, NIH Show, Bethesda, Maryland, Sept. 28-30 2500 pap iaae Suan California 


It’s a Fact: For infrared spectroscopy, the low-cost Beckman IR-5 gives automatic, high resolution analyses in 16 minutes. 
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Baird-Atomic’s Single Tube Liquid Scintillation 
Spectrometer obsoletes costly coincidence 
*k systems for Carbon and Tritium 


(EFF)? 





*The unit (efficiency? over background) 
is actually the figure of merit of any omens 


teevemtng sos - oa 


system. A system witha higher —— 2 * tats 's you 
ar more accurately in.a shorter Jength of 
time. 

Data taken to optimize figure of merit (-20° 
C, -tritrated t int » PPO an 
POPOP, differential, operation). 





Patented B/A Optical System 
. . allows maximum light transmission, fea- 
tures light-tight sample holder and a special 


double shutter to insure highest operating 


efficiency at all temperatures. Completely 
interlocked. 


-, Special Fast Electronics 


only available from B/A. Advanced engi- 
neering provides an extremely high gain and 























ieee low noise amplifier-analyzer. 


@ Unmatched Versatility 
. obsoletes all coincidence systems by elimi- 


Fi 
/. Vy, nating need for optical symmetry. You have 


complete choice of sample size, shape or 
__ material, liquid or solid. 


With this new combination of detector and elec- 
_— tronics you are now able to assemble a system best 


Pe e suited to your needs and budget. Simple to operate, 


compact, accurate with or without a freezer, the 
B/A Model 745 is capable of performing the most 
sensitive C' and H'’ counts with speed and preci- 
sion under a wide range of conditions. 


Write today for detailed specifications and optional 
instrument combinations. 
































IN LIQUID SCINTILLATION 











Baird-Atomic, inc. 
33 UNIVERSITY RD., CAMBRIDGE 38, MASS. 


Boston, Mass./Pittsburgh/Philadelphia/Los Angeles/ 
San Francisco/New York/Washington, D. C./Dallas/ 
Chicago/Atlanta/ Detroit 
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Made in 
. West Germany 





aa ‘ 
L CEIS 5 | Polarimeter 


with scale reading to 0.01° — 








Assures ease in manipulation and higher accuracy in making measurements because: 


e Inclined observation telescope permits readings from sitting position. 


e Through observation telescope, the scales as well as the half-shade ficld 
of view can be observed. 


e Direct vernier readings can be made to 0.01° and estimated to 0.005°. 


e Moveable carrier, holding two polarimeter tubes, facilitates procedure 
of examinations. 


e Coaxially-mounted coarse and fine adjustment knobs and switch con- 
trolled by right hand resting on table-top. 


e Interchangeable built-in sodium or mercury spectral bulbs furnish 
strictly monochromatic light controlled by precision interference filters. 


TE ce ee ee . e Newly-designed, precision polarimeter tubes ensure the absence of 
strain, further assurance of true measuring results. 


CARL POLARIMETER 


ZEISS | with scale reading to 0.05° 








e Inclined observation telescope permits readings from sitting position. 


e Glass scale, verniers and Laurent half-shade plate (triple field of view) 
are observed in the same telescope. 


e Illumination by either a double filament 40-watt bulb or sodium spectral 
bulb. 


e Newly designed, precision polarimeter tubes ensure absence of strain, 
resulting in true measurements. 








e Direct vernier readings can be made to 0.05° and estimated to 0.025°. 
MADE IN WEST GERMANY 


Write for free detailed literature 










COMPLETE 
SERVICE FACILITIES 


GAIL LEMS S, IVC. 


485 FIFTH AVENUE, NEW YORK 17, N.Y. 
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WHAT DO YOU WANT INA 
LABORATORY CENTRIFUGE? 


Automatic Controls? Continuous Flow operation 
with separation directly in tubes? A rotor for 
nearly every laboratory task (angle, horizontal, 
virus, particle-counting, large capacity, etc.)? 
Temperatures to 0°C and below? The latest, most 
advanced Self-Centering Drive offered in the 
Superspeed range? RCF up to and beyond 35,000 
x GP Remote control? Table-top convenience or 
cabinet size? Safety in operation? Whatever your 
requirements in the low/Superspeed range (0 to 
20,000+ rpm), it is almost certain there is a 
ServALL Laboratory Centrifuge available to 
meet them. 

In addition to world-renowned centrifuges, 
SERVALL quality and versatility are available in 
homogenizers, microtomes, pipettes, etc. A fully 
illustrated catalog will be sent you upon request 
for Bulletin SC-9QC. 


Ivan Sorvall, Ine. ) 


NORWALK @e CONNECTICUT 


An independent company; not connected with 
any other centrifuge manufacturer. Established 1934. 
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EXPERIMENT: 


The analytical determination of proper balance 
between price and performance in lab glassware 


Here’s an experiment which you will be interested in trying. Though 
it pertains more to economy than to a physical state or condition, it 
does offer the sound analytical reasoning which you, as a scientist, 
must welcome. 

The premise is this: laboratory glassware is an “expense” item in 
schools and colleges and by cutting this expense substantially every 
science instructor makes available to himself additional money with 
which to purchase other equipment for his laboratory. 

This premise is based, first, on the fact that quality is maintained 
and, second, that the saving involved is substantial enough to warrant 
this time necessary to effect it. 

Actually, this experiment demands little analytical determination 
to ascertain the possible savings involved. One glance at the com- 
parative price chart listed below will show you the kind of savings to 
which we refer. 

Remember . . . these prices are for Doerr Diamond D quality 
glassware . . . glassware which we are proud to emblazon with our 
Diamond D trade mark. 

If you want facts to prove to school officials and school boards 
your contention that you can effect substantial savings on laboratory 
glassware, send for our booklet, “FACTS” . . . About The Economics Of 
Laboratory Glassware”. Write to: Doerr Glass Company, Dept. M, 
Vineland, N. J. 


~= &) 


COMPARATIVE LIST PRICE CHART 





ITEM BRAND A BRAND B DOERR 

PIPETTE (1 ml in 0.01) $1.31 $1.57 $0.90 
(Serological) 

PIPETTE (5 ml) 1.19 1.36 0.79 
(Volumetric) 

PIPETTE (1 ml) 1.14 1.28 0.81 
(Ostwald) 

CENTRIFUGE TUBE (15 ml) 1.28 1.28 0.69 

FLASK (100 ml) 2.73 3.01 1.99 
(Glass Stoppered) 

CYLINDER (100 ml) 2.71 2.94 1.48 

SEPARATORY FUNNEL (250 ml) 6.22 6.56 5.21 


(Squibb) 





NOTE: All Diamond D glassware is sold exclusively through 
laboratory supply dealers and cannot be purchased 
direct. We will gladly send you the address of the 
nearest lab supply house that carries the Diamond D 

















lines. 
Ea ee eee oT 
| Please send me FACTS BOOK 
| NAME TITLE | 
DLAMOND “Dd,” 
STREET 
GLASSWARE en STATE E 
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SANBORN 


RESEARCH RECORDING SYSTEMS 


give you a wide choice in 
























PHENOMENA 
TO BE MEASURED 


INTERCHANGEABLE PLUG-IN PRE- 
AMPLIFIERS used with Sanborn trans- 
ducers and other sensing devices let you 
record ECG’s (adult, fetal, small animal) e 
EEG’s e phonocardiograms e pressures e 
linear displacements e temperatures e myo- 
grams e pneumograms e sphygmograms e 
gas analyses e dye dilution studies e ballis- 
tocardiograms e other phenomena. 


“EXPANDABILITY" 


NUMBER OF CHANNELS — start with 
any number and add channels up to a total 
of 8 as your needs expand. VISUAL 
MONITORING — optional original or add- 
later units include Viso-Scope (oscillo- 
scope), electronic switch (for simultaneous 
viewing of up to 4 channels), and vector 
timer. 


RECORDING METHOD 


500 CPS RESPONSE in photographic 550M 
System, with entire 15 cm. chart width 
available to each beam. INKLESS, DIRECT 
WRITING in 350M and 150M systems. Easy- 
to-interpret rectangular coordinates. . . 120 
cps response . . . 9 electrically controlled 
chart speeds. 


For complete information call the nearby G/ Ly SANBORN 
Sanborn Branch Office or Service Agency COMPAN Y 
—or write Inquiry Director, Medical Di- MEDICAL DIVISION 

vision for the 42-page Biophysical Catalog. 175 Wyman Street, Waltham 54, Mass. 
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Eljeet of Rochester... Presents: 


oooa new slant 
on Student-l'eaching 


| Elgeet-orrmpus Model S-2 


99” 


in lots of five 


list price $110.50 each 


Eljeet o) = soy -\ ma O10 el | | OME Yoll anal aT 


“Quality « om watchiord 
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Pictured standard model S-2 with 
double revolving nosepiece with 
hard-coated parfocal, achromatic 
interchangeable 10X (N.A. .25) and 
40 (N.A. .65) objectives. Built-in 
revolving aperture disk to control 
illumination. 10 Huygenian coated 
lens eyepiece. Choice of concave 
mirror or interchangeable 20 watt 
illuminator (Model LSK) as shown. 
Write for information on other 


student-teaching models and 
complete microscope line. 


Milla mestxe) of-1 


Science means progress, and to help 
both teachers and students meet the 
challenge of a changing world, Elgeet 
presents a superb new microscope 
with research instrument features 
never before offered in student-teach- 
ing models! 

The inclined eyepiece is typical of 
the many new features, extending to 
students the benefits of unsurpassed 
convenience, ease of operation, and ef- 
ficiency combined with working com- 
fort, resulting in maximum learning 
possibilities even over prolonged pe- 
riods of close concentration. 

Rugged and versatile, the Elgeet- 
Olympus is precision engineered and 
designed for years of trouble-free serv- 
ice and priced for educators seeking 


the very best . . . on a budget. 


MAIL COUPON NOW 
ce ata ---------------] 
Dept. SM-4 
Elgeet Optical Co., Inc., Scientific 
Instrument and Apparatus Div.; 838 
Smith Street, Rochester 6, New York. 


r 
| l 
| I 
| I 
| I 
| | 
| [_] Please send me complete litera- | 
| ture on the New Elgeet-Olympus | 
| I 
| l 
| | 
| | 
| | 
| I 
| l 
| | 


Microscopes. 


Please send name of Elgeet Dealer 
nearest me for free demonstration. 
Name 


Address 


NSTRUMENT ANI APPARAT : 'DIAVAL— 1101)" 


838 SMITH STREET e ROCHESTER 6, NEW YORK 


» ¢ « c ° ° ry 
.. Fraechton G mpmneettny one constant goad. 
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TITRIGRAPH 


A ' For recording Titration Curves 
For Use as a Recording pH Stat 


iat i 


| 
' 4 





$Bul 


SBR2 TIT-1 SYRINGE BURETTE 
RECORDER AUTOMATIC TITRATOR UNIT 


The new Radiometer Titrigraph has a wide field of application “ail fs ||| 


; | in pH and buffering studies, and in enzymatic and protein 
investigations or any other studies requiring maintenance of NI 
constant pH in reaction solutions. q 
The TTT-1 Automatic Titrator is noted for its stability and At 
iy Ines 


flexibility in the performance of automatic titrations, and as a 
precise pH meter. Combined with the new SBR2 Recorder and the 
SBU1 Syringe Burette units, it can automatically draw and record 
titration curves, or act as a pH stat to record titrant consumption as 
a function of time under conditions of constant pH. 


As a Titrigraph, the Recorder is unique in adapting itself to 
the slope of the titration curve and closely controlling titrant flow 
where the curve becomes steep. As a pH stat, remarkable stability 
permits studies of up to several days’ duration with a wide 
choice of chart speeds and burette delivery rates. 


A precise and versatile instrument designed and produced 
in the Radiometer tradition. 


Write for descriptive \literature and complete specifications — 
you will find prices most attractive. 


SOLD AND SERVICED IN U.S.A. BY 


WELWYN INTERNATIONAL INC. == RADIOMETER 


72 Emdrupvej COPENHAGEN, DENMARK 
1'n Canada: Contact any Branch of Canadian Laboratory Supplies Limited 
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Torsion’s dial — 
makes 
the difference 





- Torsion Laboratory Baiance DLTS 
With Torsion’s new 500 gram capacity balance you can make Capacity: SOO grams 
three times as many weighings per hour as before. Here’s why: ee oe Saen e eeee 
Conventional laboratory balances use a graduated beam and 
slide weight for “fine” weighing after the weight has been 
determined to within 10 grams. Under the old procedure the 
balance is arrested, slide weight positioned, balance released, 


Other Torsion Dial Balances 


balance comes to rest, position of indicator noted, balance Model DLT2 

arrested again, slide weight repositioned and so on until the Capacity: 120 grams 

weight is determined within 0.1 gram. Readability of Dial: 2 mg: 
All this time consuming “‘cut-and-try” procedure is replaced 

with a simple graduated dial which can be turned without 

arresting the oil-damped balance. This means that the time 

consuming part of the weighing (below ten grams) can be 

“dialed-in”—and in \ the time. 


UNCONDITIONAL GUARANTEE 


In keeping with Torsion’s Million-Plus construction, the new meget O.Tmt 
Dial mechanism retains its original accuracy after more than Same specifications 
a million weighings. That’s why Torsion Balance has uncondi- a as DLT2 but has scoop 


tionally guaranteed the accuracy of the entire Dial mechanism. — for eseds or other 
bulky material. 





the Torsion Balance “C.,ony 


Main Office and Factory: Clifton, New Jersey ¢ Sales Offices: Chicago, San Francisco 








more 
performance 
per dollar with 





THE NEW PERKIN-ELMER® 
MODEL 4000-A SPECTROPHOTOMETER 


ultraviolet...visible...near infrared 


Priced within the reach of every labo- 
ratory, the new Perkin-Elmer Model 
4000-A Spectrophotometer has unique 
performance features which make it the 
highest value instrument in its field today. 
An advanced-design laboratory spectro- 
photometer—covering the ultraviolet, 
visible and near infrared regions — the 
Model 4000-A gives you these costly 
but essential instrumental advantages: 

e A DOUBLE MONOCHROMATOR, 
providing high resolution and low 
stray light. 

e A MICRO-POTENTIOMETER 
100% LINE COMPENSATION 
SYSTEM, allowing reproducibility of 
spectral data recording, regardless of 
inevitable instrumental and accessory 
changes. 

Performance Features: 

HIGH RESOLUTION: provides maxi- 

mum analytical precision over its total 

wavelength range: 0.lmp at 250 my; 
0.5myp at 600my; 3.0my at 1500mp; 
1.5mp at 2700my, 


79 
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LOW STRAY LIGHT: not more than 
.1% at any wavelength—less than .005% 
between 220 my and 1.5,. Single mono- 
chromator instruments have stray light 
values hundreds of times greater than 
these values, thus limiting accuracy. 


HIGH PEN SPEED: '% second full 
scale, assuring swift response to small 
variations in spectra. Scanning time: 
from 30 seconds, full range (in the vis- 
ible), to. 20 minutes in the UV for spe- 
cial, detailed determinations. 
LONG-TERM STABILITY: Io line 
shifts less than 2% over a 12-hour 
period. You get day-in, day-out repro- 
ducibility. 
Wide Range of Accessories 

The Model 4000-A’s extra-large sam- 
pling space allows the easy use of a wide 


LSS. 7. RaW ME NT 


range of sampling accessories. Standard 
items include diffuse and specular reflec- 
tance attachments, KBr disc mount, 
flame analysis adapter and repetitive 
scanning and time drive accessories. Of 
course, there’s a full range of standard 
optical liquid and gas sampling cells. 
The short distance between sample space 
and detector allows diffusing or turbid 
samples to be reproducibly analyzed 
with excellent response. 

Complete technical and performance 
data on the new Perkin-Elmer Model 
4000-A and its accessories are con- 
tained in literature now available from 
Perkin-Elmer Corporation. Find out 
how the Model 4000-A can help your 
analytical program—give you more per- 
formance per dollar. Write to 750 Main 
Avenue, Norwalk, Conn. 


DLN S31 uN 


Perkin-Elmer Gyno 


NORWALK, 


CON NSC Ue st: 
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VirTis 


Freeze-Drying 


Van ola -3-1-1a's-lilel a! 
\VameK-lab'cele-tilels 
fo} Mal-t-tor-t-sal-Jbi ha - 


rT Op ek-te-talet-s-j 





Mechanically Refrigerated Freeze-Mobile 


SOOCOSHSSHSHSSHSOSHSOESSHHSHSHSSEEEOHHSHSHOOHSSOS OS OSESESS 











Compact, portable freeze-drying 
Why freeze-drying? in your own laboratory! 
APPLICATIONS: 
Samples are frozen solid then subjected to ® Biological Research—safe dehydration of hormones, vitamins, 
high vacuum. When heat is applied under Seer ne tee 
these conditions, moisture is gradually re e@ Organic Research—purification of low vapor pressure solvents. 
db bli , és eoulei P d @ Pharmaceutical—product preservation and dehydration. 
oy sacra Sia amy weston, sone a a @ Food Industry—preservation of flavor and quality. 
com gre sige io be aie @ Hospital—preserving bones, arteries, skin, etc. 
th y adding water. Sample can be preserve % : i 
tive indefinitely when sealed under vacuum or This is a complete self-contained, all purpose unit with 
bo inert gas. infrared heaters, condenser, vacuum drum, pump and 
There is a VirTis Unit for every need, gauge, and mechanically refrigerated unit. Auto- 
yace ranging from a micro unit with 600-ml matically refrigerated as low as—60°C. Uniformly 
roid capacity to the mechanical system shown controlled radiant heating for fastest drying. A 
zed here. Write to S/P for complete details variety of flasks are available for manifold drying. 
ance and the new VirTis catalog. No. 69126 —VirTis Mechanically Refrigerated 
odel Freeze-Mobile.........+.- $2,576.00 
on- 
rom 
out 
your 
per- 
fain 


Scientific Products 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 
GENERAL OFFICES —1210 LEON PLACE, EVANSTON, ILLINOIS 
Regional Offices: Atlanta + Chicago « Columbus - Dallas + Kansas City » Los Angeles 
Minneapolis « New Yorks San Francisco + Washington 
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unsurpassed for image quality and operational versatility 


EZ"B ORTHOLUX cesses microscore 


The ORTHOLUX microscope has no equal as a research tool in 





































the leading scientific laboratories in the country. Its superla- 
tive optical qualities and unique operational features are 
appreciated by an ever-growing number of users. Focusing is 
controlled with low-position, table-level adjustment knobs that 
raise and lower the ball-bearing stage. Thus, without altering 
convenient eyepiece height, and with the instrument stage in 
clear view at all times, fatigue-free operation is assured. 


The built-in illuminating system of the ORTHOLUX is designed 
for transmitted or incident light or combined illumination. The 
ORTHOLUX can be equipped with accessories for the following 
applications: 


@ BRIGHT FIELD ILLUMINATION 
= @ DARK FIELD OBSERVATION 
‘ @ PHASE CONTRAST 

@ POLARIZED LIGHT 


@ ULTROPAK 

INCIDENT LIGHT 

(for fibers, textiles, 
capillaries, etc.) 


@ FLUORESCENT 
ILLUMINATION 


@ CINE- AND 
PHOTO- 
MICROGRAPHY 


@ VARIOCOLOR 
@ MICRO DRAWING 


@ TABLE AND 
WALL PROJECTION 


@ XENON ILLUMINATION 





See and examine the ORTHOLUX microscope soon. 
Send for the ORTHOLUX brochure, Department SC-9. 


2tase 


EE. LEITZ, INC., 468 FOURTH AVENUE, NEW YORK 16, N.Y. 
Distributors ©f the world-famous fPremects ot 
Ernst Leitz G.m.b.H., Wetzlar. Germany—Ernst Leitz Canada Ltd. 
LEICA CAMERAS - LENSES - MICROSCOPES -: BINOCULARS 
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Above: Nose cone test shape traveling at 5,500 feet per second photographed 
with Avco Kerr Cell Schlieren System at 0.05 usec exposure. Inset: Avco Kerr 
Cell. Permits exposure from 0.005 to 0.1 usec; available as an independent module. 


NOW AVAILABLE... 


USE-PROVEN INSTRUMENTATION FOR HYPERVELOCITY RESEARCH 


Capture submicrosecond events with Avco’s 
new instrumentation. Kerr Cell Shutters for 
exposures from 0.005 to 0.1 usec; Rotating 
Mirror Cameras for streak photography with 
writing rates up to 4mm per usec; Rotating 
Drum Cameras for streak, spectographic and 
Schlieren photography with writing rates up 
to 0.19 mm per yusecond; general-purpose 
Package Light Sources with light durations 
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from 0.3 to 1.0 usec at various energy 
levels; complete Kerr Cell Shadowgraph and 
Schlieren photograph systems; Auto-Optic 
Recording Pyrometers for temperature mea- 
surements up to 3,000° C. with response 
times better than one millisecond. 

For bulletins, write: Products and Services 
Dept., Research and Advanced Development 
Division, Avco Corporation, Wilmington, Mass. 


MAveo 


Aesearch & Advanced Development 








Zo: 


THE TMC 256- 
CHANNEL PULSE 
ANALYSIS SYSTEM 









ONE BENCH-TOP INSTRUMENT... 


676 


| | | | | | | F ‘ : : | 


9006 


OKs 336 KA, OUTRE UO 























é 






oi a + 3 














PULSE HEIGHT 


ANALYSIS — #210 
plug-in... built-in lin- 
ear amplifier, pulse 
generator...10-74us. 
dead time... +0.5% 
linearity 


The Model CN-110 
digital computer as- 
sembly.. 
high.. 
with plug-in... 
ates on 25 watts 





#220 DATA HAND- 
LING UNIT usable as 
an active timer, event 
counter and readout 
device... 
actual counting times 
may be selected from 
0.1 to 999.9 minutes 
in 0.1 min. steps... 
manual, semi- or fully 
automatic operation, 
destructive and non- 
destructive readout. 


TIME-OF-FLIGHT 
MEASUREMENT 
#211 plug-in... 
built-in delay of 
0,1,2,3 times ad- 
dress cycle... 
choice of 9 chan- 
nel lengths from 
0.25 to 64us.... 
automatic chan- 
nel advance 


effective or 


SRG TRC 
— : : 
= 





only 8%" 
.weighs 30 Ibs. 
oper: 


>» ® 























Becomes a different pulse analyzer every time you change the logic 


Wi just one CN-110 in your laboratory you 
have 256 channels of the pulse analysis you 
need — whether it’s pulse height, time-of-flight, 
pulsed neutron or a special program. When you 
plug in the logic network, the instrument be- 
comes a ready-to-use analysis system for that 
program. And you can change them in the time it 
takes to loosen a thumbscrew. Total weight is 
only 30 lbs., all circuits are transistorized—mak- 
ing this today’s most versatile, compact pulse 
analyzer for research, field work or regular lab- 
oratory use. They are now in production and 
deliveries are being made. 


THE BASIC UNIT IS A COMPLETE DIGITAL COMPUTER With 
all the circuitry for a 256-channel magnetic core 
memory and has the advantages of completely 


PULSED NEUTRON MEAS- 
UREMENT— #212 plug-in... 
analysis channel lengths from 
10 to 2560 us....10us. storage 
time... (a high speed arith- 
metic scaler is supplied with 
the CN-110 at no extra charge 
when the 212 unitis purchased 
with it) 





enclosed, plug-in memory... choice of memory 
sub-groups... pushbutton data transfer. .. in- 
stantly selected analog, binary or digital readout. 


FOR DATA HANDLING, a readout instrument has 
been designed specifically for use withthe CN-110. 
The compact 4220 data handling unit can be 
used as a live-timer during data gathering and 
as a readout system afterward. The #220 can be 
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Back to What School? 


As a result in part of the recent population explosion, one person out of 
every four in the United States is now enrolling in school or college. Fed- 
eral efforts to help the pedagogic supply meet the student demand have 
been estimable. Culminating in last year’s National Defense Education Act, 
these efforts include such things as summer courses for science and mathe- 
matics teachers, purchase of laboratory equipment for schools, and loans 
and fellowships for college students, with special provisions for students 
who intend to become teachers. But despite federal assistance, the picture 
this year of pupils going back to, or beginning, school is not entirely in- 
spiring. 

Last month Arthur S. Flemming, Secretary of Health, Education, and 
Welfare, estimated that this fall we shall be short between 130,000 and 
140,000 classrooms in public elementary schools and public high schools 
throughout the nation. How does one arrive at this figure? One way is to 
start with the shortage of 140,500 classrooms for fall 1958. Add the 47,400 
rooms needed to meet the estimated increase in enrollments. Add the 16,800 
rooms needed to replace facilities that have become unusable during the last 
year. And, finally, subtract the 68,440 new rooms estimated to have been 
built by the states. This arithmetic gives the present shortage as 136,260 
classrooms. It also demonstrates that if last year’s trend continues, the 
shortage will be solved, but only for our children’s children. 

To complete the picture, Commissioner of Education Lawrence G. 
Derthick estimated several days later that for the coming year we shall be 
short 190,000 qualified teachers in public and nonpublic schools. The 
shortage for fall 1958 was 182,000 qualified teachers. The trend again is 
small, but in this case we can be thankful it is small, for it is in the wrong 
direction. If last year’s experience continues, the teacher shortage will 
never be solved, but at least things are going from bad to worse only 
gradually. Of course, newly trained teachers keep entering the profession, 
but the number of pupils is also growing and the dropout rate of teachers 
is large. According to recent figures, the dropout rate is 10.9 percent per 
year. 

Almost everybody, including the President of the United States and a 
majority of the members of Congress, favors some form of federal assistance 
to states for school construction. However, the concerted action necessary 
to pass legislation is blocked by differences of opinion over how much 
money should be spent and how the money should be administered. Of 
the several major bills on the docket, the most generous is the one intro- 
duced by Senator James E. Murray and Representative Lee Metcalf, 
Democrats of Montana, while the most niggardly is the bill favored by the 
Administration. The Murray-Metcalf bill would provide federal grants of 
$1.1 billion annually for four years, with the funds usable not only for new 
buildings but also for teachers’ salaries. The Administration bill would help 
local school districts pay off bonds for school construction, the bonds rep- 
resenting a capital outlay of $600 million. The maximum level of pay- 
ments would be $85 million per year. 

Actual school needs may be greater than Secretary Flemming’s and 
Commissioner Derthick’s statistics show. Thus, estimates of the number of 
additional rooms needed are based on the increase in enrollments by 
states. But, in any one state, a large increase in enrollment in suburban 
areas may be offset by a decline in enrollment in nearby cities. So things 
may be worse, but they could also be considerably better if additional fed- 
eral aid were only forthcoming.—J.T. 
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Ask your supply representative 








Baker laboratory chemicals are 
quickly available from leading 
supply houses in each marketing 
area. Ask your Supply Represen- 
tative to explain all the reasons 
why ‘Baker Analyzed’ Reagents 
perform more efficiently in hos- 
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CURRENT PROBLEMS IN RESEARCH 





Sex Chromatin and 


Phenotype in Man 


Disagreement between nuclear sex and phenotype 


raises questions about the cause of sex anomalies. 


It is now firmly established that there 
is a sexual dimorphism in the structure 
of intermitotic nuclei of man and cer- 
tain other mammals. The difference be- 
tween the sexes is that a special mass of 
chromatin or chromocenter, the sex 
chromatin, is clearly visible in nuclei of 
normal females but not in those of nor- 
mal males. In normal individuals, at any 
rate, the presence or absence of sex chro- 
matin is probably related to the XX sex 
chromosome complex of females and the 
XY sex chromosome complex of males. 

A discrepancy between nuclear struc- 
ture and the more obvious sexual fea- 
tures of the phenotype is found in cer- 
tain developmental sex anomalies in 
man. For example, the phenotype is pre- 
dominantly female in the Ullrich-Turner 
syndrome (gonadal dysgenesis), al- 
though the nuclei are usually indistin- 
guishable from those of normal males. 
Similarly, the nuclei have a male struc- 
ture in the syndrome of testicular femin- 
ization, but the external anatomy is 
strikingly feminine. Conversely, many 
phenotypical males with the Klinefelter 
syndrome (seminiferous tubule dysgene- 
sis) have nuclei that are indistinguish- 
able from those of normal females. 

The sexual dimorphism of intermi- 
totic nuclei has become a useful diag- 
nostic aid, even when used empirically, 
in dealing with the sex anomalies (/). 
But the ultimate aim is an understand- 
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ing of the biology of the sex anomalies 
as a prelude to preventive measures. 
This requires information from the study 
of abnormal sex development in sub- 
human forms (2) and from the study 
of human chromosomes in dividing 
cells, through recently developed tech- 
niques (3, 4). This article represents an 
attempt to summarize current concepts 
of the pathogenesis of some syndromes 
encountered in clinical medicine, and 
to point out the many gaps in our 
knowledge that have to be filled before 
etiological factors can be fully under- 
stood. 


Normal Gonadal Differentiation 


Gonadal ridges appear in the human 
embryo at about the fourth week of 
gestation. Their structure is identical in 
male and female embryos until the sev- 
enth week (Fig. 1, A). The cellular cor- 
tex of the indifferent gonad has the po- 
tentiality of developing into an ovary. 
The medulla, consisting of primary sex 
cords in a mesenchymal stroma, has the 
potentiality of developing into a testis 
(5). Primordial germ cells can be iden- 
tified in cortex and primary sex cords 
from the sixth week onward, having mi- 
grated into the gonad from the region 
of the extra-embryonal entoderm. 

The fate of the indifferent gonad is 
established by the balance between 
male-determiners and female-determin- 
ers in the genotype (6). When the sex 


chromosome complex is XY, male-de- 
termining genes on autosomes predomi- 
nate over female-determining genes on 
the single X chromosome. The medulla 
begins to develop, and the cortex to re- 
gress, at the seventh week. The primary 
sex cords become seminiferous tubules, 
and interstitial cells appear between 
them, while the cortex becomes the thin 
visceral layer of the tunica vaginalis that 
adheres to the tunica albuginea (Fig. 1, 
B). It is noteworthy that the endocrine 
component of the testis, consisting of in- 
terstitial or Leydig cells, is well devel- 
oped in the embryonal testis and again 
after puberty but is inconspicuous in the 
intervening period. 

When the sex chromosome complex 
is XX, female-determiners on the two 
X chromosomes outweigh male-deter- 
miners on autosomes (7). Beginning at 
the ninth week, the cortex develops into 
an ovary through the ingrowth of sec- 
ondary sex cords, and the medulla re- 
gresses (Fig. 1, C). Interference with 
this crucial step of differentiation of bi- 
potential gonads into testes or ovaries, at 
about the end of the second month of 
embryonic development, appears to be 
the point of departure for most sex 
anomalies in man. The genetic balance 
between male-determiners and female- 
determiners may be altered by a mutant 
gene or by an abnormality of one or 
more of the chromosomes that bear these 
determiners. But experimental evidence 
testifies to the frequent adverse effects 
of various nongenetic factors on gona- 
dal differentiation. Evidence for possible 
genetic or nongenetic factors that might 
interfere with normal gonadal differen- 
tiation has to be sought for each type of 
sex anomaly. 


Normal Differentiation of 
Internal and External Genitalia 


Wolffian ducts (primordia of. epi- 
didymides, vasa deferentia, and seminal 
vesicles) and Miillerian ducts (primordia 
of Fallopian tubes, uterus, and vagina) 
are both present when gonadal differen- 
tiation begins, and the external genitalia 
are also in a bipotential state. Much ex- 
perimental work bears on the factors re- 
sponsible for development of internal and 
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Fig. 1. Diagrammatic representation of development of a testis from the medullary com- 
ponent, and an ovary from the cortical component, of the indifferent gonad of an early 
embryo. [Modified from Grumbach and Barr, Recent Progr. in Hormone Research (26), 





courtesy Academic Press, New York] 


external genitalia in a direction which 
is consistent with the male or female 
character of the gonads. Treating em- 
bryos with androgens or estrogens, trans- 
planting an embryonal gonad into an 
embryo of the opposite sex, and depriv- 
ing an embryo of the influence of em- 
bryonal gonads have all yielded perti- 
nent results. The consequences of sur- 
gical removal of gonads in rabbit and 
rat embryos and the destruction of gon- 
ads by x-rays in mouse embryos form 
the basis of current hypotheses concern- 
ing the pathogenesis of sex anomalies in 
man (8/0). The outstanding work of 
Jost on rabbit embryos illustrates the re- 
sults obtained in such experiments 
(Fig. 2). 

Gonadal differentiation into testes or 
ovaries begins on the 15th day in the 
rabbit, while differentiation of the duct 
system begins on the 20th day and is vir- 
tually complete by the 28th day, which 
is about two days before birth (Fig. 2, 
A-B and A-D). Gonadectomy of female 
embryos at any stage or of male em- 
bryos at about the 20th day is followed 
by maturation of the duct system and 
the external genitalia in a female direc- 
tion, although the uterus is rather smaller 
than normal (Fig. 2, A-C). There is 
normal maturation of the male genitalia 
if removal of the testes is delayed be- 
yond the 24th day. These observations 
indicate that ovaries are not essential for 
female development, but that the action 
of an inductor or evocator from the in- 
terstitial cells of the embryonal testes is 
necessary during a critical period for 
male development. Although much 
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remains to be learned of the factors con- 
trolling embryogenesis of the reproduc- 
tive system, the requirement of a mascu- 
linizing evocator of testicular origin to 
counteract a tendency of all embryos to 
feminize is a keystone in current con- 
cepts of the pathogenesis of congenital 
errors of sex development. 

The masculinizing evocator appears 
to have a local action on adjacent tis- 
sues, since a unilateral graft of embry- 
onal testis into a female embryo stimu- 
lates the Wolffian duct and suppresses 
the Miillerian duct on the side of the 
transplant preferentially (9, 10) (Fig. 
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3). A similar asymmetry follows unilat- 
eral gonadectomy of male embryos be- 
tween the 20th and 24th day and occurs 
in human true hermaphrodites when 
there is testicular tissue on one side only. 
The substance seems to act in the man- 
ner of embryonal evocators generally, 
which is consistent with experimental 
evidence that the evocator substance 
differs in its physiological effects, and 
probably in chemical composition, from 
testosterone and other androgenic hor- 
mones. 

The Miillerian ducts of rat embryos 
in the early undifferentiated stage per- 
sist and grow in vitro, and the Wolffian 
ducts regress, regardless of the sex of 
the donor (9, 10). This suggests that 
the inherent tendency of embryos to 
feminize is genetically controlled, rather 
than the result of an exogenous factor 
such as maternal estrogens. There is lit- 
tle information relating to genetic 
mechanisms that may operate in this 
connection. The genes involved must be 
other than the male-determiners and 
female-determiners whose balance con- 
trols gonadal differentiation, since fe- 
male differentiation can occur whether 
the sex-chromosome complex is XX or 


XY. 


Sexual Dimorphism of 


Intermitotic Nuclei 


Chromosomal, gonadal, and pheno- 
typical sex are normally in agreement. 
But the sex-chromosome complement 
may be inconsistent with the main fea- 
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Fig. 2. Schematic representation of development of sex ducts in normal and gonadecto- 
mized rabbit embryos. [After Jost, “Sex Differentiation and Development” (5/7), courtesy 


Cambridge Univ. Press, London] 
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Fig. 3. Genital tract of a 28-day-old fe- 
male rabbit embryo in which a testicular 
graft from a 21-day-old embryo had been 
implanted adjacent to an ovary on the 
20th day of development. [After Jost, 
Arch. anat. microscop. morphol. exptl. 
(9), courtesy Masson, Paris] 


tures of the phenotype when there has 
been an error in gonadal differentiation. 
Consequently, the “tests of chromo- 
somal sex,” having as their basis a sex- 
ual dimorphism in the structure of in- 
termitotic nuclei, are useful diagnostic 
aids in clinical practice and raise new 
problems in connection with the etiol- 
ogy of sex anomalies. 

The sex chromatin that characterizes 
nuclei of females is usually adherent to 
the inner surface of the nuclear mem- 
brane and is often so closely related to 
the membrane as to have a planoconvex 
outline (Fig. 4, a and b) (J/). It is 
about 1 micron in diameter and can be 
resolved frequently into two components 
of equal size. The sex chromatin shares 
with the rest of the chromatin an affin- 
ity for basic dyes and, like the rest of 
the chromatin, reacts positively to tests 
for deoxyribonucleic acid, staining read- 
ily with the Feulgen technique and with 
methyl green. In particularly favorable 
circumstances, as in the study of whole 
mounts of thin membranes, the sex chro- 
matin can be identified in virtually every 
nucleus. In sections of tissues 5 microns 
in thickness, sex chromatin can be iden- 
tified in 60 to 80 percent of the nuclei, 
depending on the technical quality of 
the preparations and such factors as the 
size of the nuclei and the coarseness of 
the general chomatin particles. A chro- 
matin mass larger than other chromatin 
particles of the nucleus is encountered 
in up to 10 percent of the cells in sec- 
tions of tissues from males. This particu- 
lar mass of chromatin is seldom as large 
as the sex chromatin of females, and its 
significance is uncertain. 

Neutrophils have a different kind of 
sexual dimorphism (Fig. 4, ¢) (12). In 
a small proportion of neutrophils of fe- 
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males (1 to 10 percent, average about 
3 percent), there is an accessory nuclear 
lobule; such a lobule is encountered with 
the greatest rarity, if at all, in neutro- 
phils of males. The relation of the acces- 
sory nuclear lobule to the sex chromatin 
is not known. 

Nuclei have been examined for sex 
chromatin in 24 mammalian representa- 
tives, more extensively in some than in 
others (Table 1) (13). In man and 
monkey, the imprint of sex on nuclear 
structure is present in the various tis- 
sues and organs, cells with small pyk- 
notic nuclei excepted. This is also true 
of those carnivores that have been stud- 
ied extensively and probably holds for 
carnivores generally. Nerve-cell nuclei 
bear a clear imprint of sex in the few 
representatives of the order Artiodactyla 
that have been studied, but the nuclear 
chromatin is too coarse in nonnervous 
tissues to allow identification of the sex. 
In the Virginia opossum, the only mar- 
supial that has been examined, sex chro- 
matin is present in nuclei of both sexes, 
but the size is significantly larger in fe- 
males. There are multiple large particles 
of chromatin in nuclei of the rabbit and 
of rodents, so these animals are unsuit- 
able for work that depends on the sex 
characteristics of intermitotic nuclei. 
But there are exceptions, for the sex 
chromatin can be identified in motor 
neurons of female rats and hamsters 
and in ameloblasts of newborn rats, and 
the sex-identifying variant that occurs 
in neutrophils of man is also present in 
those of the rabbit. Representatives of 
an order appear to have similar nuclear 
characteristics with respect to the coarse- 
ness of the chromatin particles and the 
clarity of the sex chromatin of females. 

Nuclear dimorphism according to sex 
is lacking in the very early stages of 
embryonic development. In the cat, for 
example, this feature could not be de- 
tected in the morula stage and was sel- 
dom seen in blastocysts. Neither has sex 
chromatin been described in ova of pri- 
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Table 1. Sexual dimorphism in cell nuclei 
of mammals. 





Represen- Dimorphism 
tatives present? 
Primates 
Man Yes 
Monkey Yes 
Carnivora 
Cat Yes 
Dog Yes 
Mink Yes 
Marten Yes 
Ferret Yes 
Racoon Yes 
Skunk Yes 
Coyote Yes 
Wolf Yes 
Bear Yes 
Fox Yes 
Artiodactyla 
Goat Yes 
Deer Yes 
Swine Yes 
Cattle Yes 
Marsupialia 
Opossum Yes 
Lagomorpha 
Rabbit No 
Rodentia 
Rat No 
Hamster No 
Mouse No 
Guinea pig No 
Ground hog No 


mary follicles. But nuclear dimorphism 
is clearly established in embryos of the 
cat well before gonadal differentiation, 
and the imprint of sex is visible in rest- 
ing nuclei of human and macaque em- 
bryos from the 12th to the 19th day on- 
ward (14). 

Since the sex chromatin is a Feulgen- 
positive chromocenter, it presumably 
represents positively 
regions of chromosomes 


heterochromatic 





that is, regions 


that are dense and prominent when the 
euchromatic regions are indistinct. The 
fine details of the sex chromatin, espe- 
cially its bipartite structure and its con- 
nection with a delicate thread that may 
also be double, as well as the multiple 
masses of sex chromatin that are present 





Fig. 4. Nuclei of human females. (a) Nuclei in epidermis of a skin biopsy specimen 
(hematoxylin-eosin) ; (6) nucleus in an oral mucosal smear (cresylecht violet); (c) 
neutrophil in a blood film (Giemsa). (x about 1680.) [After Barr, Brit. J. Urol. (52), 


courtesy Livingstone, Edinburgh] 
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in polyploid nuclei, suggest that it is 
formed from heterochromatic regions 
of a pair of homologous chromosomes 
(75). Although an alternative interpre- 
tation has been suggested (16), the 
weight of evidence favors the view that 
the bipartite sex chromatin of females 
is formed by heterochromatic regions of 
the two X chromosomes, and that a defi- 
nite chromocenter is not formed by the 
nonhomologous sex chromosomes of the 
heterogametic sex (17). This interpre- 
tation implies somatic pairing, for the 
X chromosomes at any rate (18). Soma- 
tic association of heterochromatic X 
chromosomes has, indeed, been described 
in ovarian follicular cells of the mouse 
(19 

The sex chromosomes vary in their 
different cell 
types, depending, possibly, on differences 
in the immediate environment of the 
chromosomes. As mentioned above, sex 
chromatin has not been described in ova 
and is lacking in the very early stages 


heterochromaticity in 


of embryonic development, while the 
XX complex forms a definite chromo- 
center throughout the rest of the life 
span of females. Conversely, the XY 
complex is strongly heterochromatic in 
prophase of meiosis but seldom produces 
a recognizable chromocenter in somatic 
cells. Other variants are on record. For 
example, the X and Y chromosomes 
form separate chromocenters of the same 
size in somatic cells of the ground vole, 
so that nuclei of males and females can- 
not be distinguished from each other; 
the multiple X chromosomes of certain 
insects form individual chromocenters, 
the sexes being divergent with respect to 
the number of these chromocenters that 
are formed; and the XY, rather than 
the XX, complex forms a distinctive 
chromocenter in somatic cells of the 
silkworm and the spruce budworm, in 
which the female is the heterogametic 
sex, (20, 21). 


Tests of Chromosomal Sex in 
Clinical Medicine 


Application of the principle of nuclear 
sexual dimorphism to the study of pa- 
tients with sex anomalies requires only 
an easily obtainable source of cells (12, 
22). A skin biopsy specimen may be 
studied, since the sex characteristics of 
the nuclei are well defined in the mature 
spinous cells of the epidermis and in the 
large spherical nuclei of hair follicles 
(Fig. 4, a). A smear preparation of oral 
epithelium is particularly easy to obtain 
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and is the favored procedure on that ac- 
count (Fig. 4, b). Although whole nu- 
clei are present in oral smears, the inci- 
dence of nuclei with unequivocal sex 
chromatin is low (30 to 60 percent) in 
chromosomal females, and in an occa- 
sional preparation the sex chromatin is 
less conspicuous than usual because of 
being much flattened against the nuclear 
membrane. However, these factors do 
not seriously lessen the usefulness of the 
oral-smear method, because chromocen- 
ters at the nuclear membrane that could 
be interpreted as sex chromatin occur 
with the greatest rarity in smears from 
chromosomal males. The neutrophil 
method (Fig. 4, c) gives the same in- 
formation as is derived from the more 
conventional skin-biopsy and oral-smear 
techniques. Preparations of high techni- 
cal quality are required for each of the 
tests. The preferred technical proce- 
dures are given elsewhere (23). 

A correlation between the presence of 
sex chromatin and XX sex chromo- 
somes, or the absence of sex chromatin 
and XY sex chromosomes, can logically 
be assumed for normal individuals. But 
the interpretation is not necessarily so 
straightforward in the sex anomalies 
(24). The possibility of a chromosomal 
abnormality need not be considered 
when the congenital error clearly does 
not involve the genetic sex-determiners. 
For example, the sex chromatin indi- 
cates the XX complex in the adreno- 
genital syndrome, where the fetal adre- 
nal cortex is at fault, and when there is 
partial masculinization of the external 
genitalia in a female newborn whose 
mother received progestins during preg- 
nancy (25). In addition, a chromosomal 
abnormality, other than sex chromo- 
somes that are inconsistent with the 
phenotype, need not be suspected if the 
congenital error can be clearly attrib- 
uted to a mutant gene or genes among 
the sex-determiners. 

If the foregoing conditions are not ful- 
filled, the presence of sex chromatin in 
the “tests of chromosomal sex” means 
only that the nuclei contain heterochro- 
matic regions of two X chromosomes. 
One of these chromosomes may be de- 
fective in its euchromatic region, there 
may be an unusual sex chromosome 
complex (such as XXY), or the auto- 
somes that bear male-determiners may 
be in some way abnormal. Conversely, 
absence of sex chromatin in the “tests 
of chromosomal sex” indicates that two 
normal X chromosomes are not present. 
The sex chromosome constitution could, 
in theory, be XO, or there could be an 





abnormality of the autosomes carrying 
male-determiners. Awareness of the pos- 
sibility of chromosomal abnormalities as 
a basis for some genetic sex anomalies 
should stimulate study of whole-chromo- 
some complements by techniques that 
are now available. 


Congenital Errors of 


Sex Development in Man 


The hermaphrodite group was the 
main center of interest until recently. 
Hermaphrodites were known in ancient 
times and have always attracted atten- 
tion because of the bizarre intersexual 
morphology of the external genitalia. 
There are three main varieties. Both 
testicular and ovarian tissues are present 
in true hermaphrodites. The nuclei have 
a female chromatin pattern in some 
patients and a male chromatin pattern 
in others. Male pseudohermaphrodites 
have testes, and the nuclei are always 
male. The internal and external geni- 
talia have an intersexual morphology in 
true hermaphrodites and male pseudo- 
hermaphrodites, but the details vary 
widely from one subject to another. 
Through some physiological deficiency, 
the evocator produced by the embryonal 
testes has failed to bring about full mas- 
culinization of the reproductive system 
in the male pseudohermaphrodite. 

Female pseudohermaphrodites have 
ovaries and essentially normal female in- 
ternal genitalia. But there is persistence 
of the fetal urogenital sinus, clitoral hy- 
pertrophy, and at times partial fusion 
of the labioscrotal folds to produce in- 
tersexual external genitalia. With few 
exceptions, the condition is the result 
of hyperplasia of the fetal adrenal cor- 
tex and elaboration of androgenic ster- 
oids in excessive amounts. The sex chro- 
mosome complement is always XX. The 
hermaphrodite group is described in de- 
tail in the classical book by Young, and 
the discussion is bought up to date in 
recent publications (16, 26, 27). The 
following account is limited to errors of 
sex development in which there is an ex- 
treme divergence between the pheno- 
type and the nuclear chromatin pattern. 


Gonadal Dysgenesis 


Gonadal dysgenesis (or virtual agene- 
sis) is encountered as a component of 
the Ullrich-Turner syndrome. The indi- 
vidual has a female phenotype, with 
essentially normal external genitalia, 
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vagina, uterus, and tubes. The principal 
defect is in the gonads, which are rep- 
resented by slender streaks of connective 
tissue, simulating ovarian stroma, at- 
tached to the broad ligaments (Fig. 5). 
Derivatives of mesonephric ducts may 
be present, but there is rarely any evi- 
dence of ovarian follicles or seminifer- 
ous tubules in the typical syndrome, ex- 
cept possibly during the neonatal period 
(28). Various congenital abnormalities 
are associated with gonadal dysgenesis. 
Shortness of stature is almost the rule, 
and there are often cutaneous folds at 
the sides of the neck. Less frequently, 
there may be a variety of skeletal or vas- 
cular anomalies and a number of other 
defects. Urinary excretion of pituitary 
gonadatropins is elevated after the age 
of 10 years, and secondary sex character- 
istics fail to develop naturally at pu- 
berty. 

Both Jost and Wilkins suggested that 
a proportion of individuals with gona- 
dal dysgenesis might be chromosomal 
males, the embryos having feminized in 
the absence of the masculinizing evoca- 
tor of testicular origin (9, 10, 29). This 
prediction was verified promptly (30) 
when tests of chromosomal sex became 
available, at least to the extent that 80 
percent of subjects with gonadal dys- 
genesis are now known to have a male 
chromatin pattern, while the remainder 
have a female chromatin pattern (3/, 
32). 





Fig. 5. Gonad consisting entirely of con- 
nective tissue that simulates ovarian 
stroma, in a 4-year-old girl with gonadal 
dysgenesis and a male chromatin pattern. 
(Hematoxylin-eosin.) (x 125) [Courtesy 
Melvin M. Grumbach] 
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Fig. 6. Testis from a sub- 
ject with the syndrome 
of testicular feminization. 
There are adequate Ley- 
dig cells, but the seminif- 
erous tubules show the 
inhibition of spermato- 
genesis that occurs in 
undescended testes. (He- 
matoxylin-eosin.) (x85) 


But the etiological factor responsible 
for failure of gonadal development and 
for the associated anomalies remains ob- 
scure. A maternal factor is a possibility, 
although none has yet been demonstrated 
(28, 31). Or an adverse nongenetic fac- 
tor may originate in the zygote, follow- 
ing, for example, the fertilization of an 
overripe ovum (33). If the etiology of 
the Ullrich-Turner syndrome proves to 
be nongenetic or if a mutant gene with 
pleiotropic manifestations is responsible, 
the sex chromosome complement would 
be XY or XX, in accordance with the 
structure of the intermitotic nuclei. Tests 
of color vision indicate that those with 
sex chromatin bear the XX complex and 
that those without sex chromatin bear 
the XY (or XO) sex chromosome com- 
plex (34). Other methods of study, es- 
pecially the examination of entire chro- 
mosome complements at metaphase, are 
needed to investigate the possibility of 
chromosomal anomalies that would not 
be visible in intermitotic nuclei (2/7, 35). 

Whatever the etiology of the virtual 
agenesis of the gonads proves to be, em- 
bryological development proceeds along 
female lines in accordance with the prin- 
ciple that an evocator of testicular origin 
is required for masculinization. 


Testicular Feminization 


The syndrome of feminizing testes is 
another condition in which the pheno- 
type is predominantly female, although 
the intermitotic nuclei have a male 
chromatin pattern and probably contain 
the XY sex chromosome complex (26, 
36). The syndrome is in some respects 
an extreme form of male pseudoher- 





maphroditism, but there are unique fea- 
tures that justify its consideration as a 
distinct entity. 

The external genitalia are normally 
female in the typical syndrome, but 
pubic hair is often lacking. The vagina 
is a blind pouch, uterus and tubes being 
usually absent. Testes are present bi- 
laterally in the pelvis or inguinal re- 
gions, accompanied by epididymides and 
proximal portions of vasa deferentia. 
The seminiferous tubules are immature 
(Fig. 6) because of the undescended 
position of the testes. Leydig cells are 
present in normal numbers. There is a 
normal female habitus, and the breasts 
develop well at puberty. The secondary 
sex characteristics are, in fact, strikingly 
feminine, and primary amenorrhoea may 
be the only overt indication of an abnor- 
mality of the reproductive system. 

The syndrome is a hereditary anomaly 
that is transmitted by normal mothers. 
In families that include these subjects, 
there is a normal sex ratio if those with 
testicular feminization are added to nor- 
mal males. The anomaly is probably 
caused by a mutant gene, but examina- 
tion of the chromosome complement at 
metaphase is required to rule out a chro- 
mosomal abnormality consistent with 
male-type intermitotic nuclei. A quan- 
titative or qualitative defect in the pro- 
duction of the evocator by interstitial 
cells is probably responsible for failure 
of male development in those parts of 
the reproductive system that are farthest 
from the testes. The interstitial cells 
clearly have a perverse metabolism, as 
shown by the development of feminine 
secondary sex characteristics at puberty 
and by the onset of menopausal symp- 
toms if the testes are removed. 
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Seminiferous Tubule Dysgenesis 
(Klinefelter’s Syndrome) 


The Klinefelter syndrome includes 
subjects in whom there is a discrepancy 
between the phenotype and _ nuclear 
structure which is the reverse of that 
found in most individuals with gonadal 
agenesis and in those with the syndrome 
of feminizing testes. 

The reproductive system has under- 
gone normal male development, except 
that the testes are small and sperms are 
lacking from the semen. Eunuchoid traits 
may be present, and there is gynecomas- 
tia occasionally. Increased urinary ex- 
cretion of pituitary gonadotropins is 
almost the rule, and the level of urinary 
17-ketosteroids may be decreased (37). 
There was no reason to suspect a dis- 
crepancy between nuclear structure and 
the phenotype in any of these subjects, 
and the discrepancy was noted in the 
routine application of tests of chromo- 
somal sex to various types of disorder of 
the reproductive system (38). The pro- 
portion of subjects who satisfy the clini- 
cal requirements for inclusion in the 
syndrome and who have a female chro- 
matin pattern is not known exactly; 
three out of four may be a reasonable 
assumption. 

The unusual histological structure of 
the testes is the most significant finding, 
and it differs to some extent, depending 
on whether the nuclei are female or 
male. The seminiferous tubules are 
highly abnormal when the nuclei are 
female. They are commonly represented 
by hyaline masses (Fig. 7, a), or there 
may be small tubules, with a thickened 
lamina propria, that contain Sertoli cells 
or epithelial-like cells of a type difficult 
to identify (Fig. 7, b). Spermatogonia 
or even more mature germ cells are pres- 
ent in a few tubules of some individuals. 
Spermatogenesis to the stage of mature 
sperms is encountered only rarely but is 
compatible with a female chromatin 
pattern in the somatic cells. The appear- 
ance of Leydig cells in large clumps con- 
trasts with their scattered arrangement 
in normal testes. When the nuclei are 
male, the tubular defects are less severe 
and the Leydig cells are in smaller ag- 
gregates. 

The results of family studies suggest 
a genetic etiology of the Klinefelter syn- 
drome (39). If a mutant gene among 
the sex-determiners is responsible, the 
sex-chromosome complex would be XX 
or XY according to the chromatin pat- 
tern. Tests of color vision have yielded 
conflicting results (40). However, there 
may be an XXY complex or a deficiency 
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Fig. 7. Photomicrographs illustrating gonadal structure in seminiferous tubule dysgenesis 
(Klinefelter’s syndrome) in a subject with a female chromatin pattern. The tubules may 
be reduced to hyalinized masses (a), or they may have thickened fibrous tunics and 
grossly defective epithelia (b). The Leydig cells are in large aggregates. Hematoxylin- 


eosin.) (x 125) 


in the euchromatic portion of an X 
chromosome when the nuclei are female, 
or there may be an abnormality of the 
autosomes that bear male-determiners 
whether the nuclei are female or male. 
In this condition, probably even more 
than in the other sex anomalies, it will 
be necessary to study the entire chro- 
mosome complement in metaphase. A 
beginning in this direction has been 
made (4, 41). 

Whatever the precise etiological fac- 
tor may be, testis-like gonads develop 
from the indifferent gonads of the early 
embryo regardless of whether the nuclei 
have female or male characteristics. Al- 
though there is severe dysgenesis of the 
seminiferous tubules, the abundant in- 
terstitial cells produce the evocator that 
masculinizes the embryo, resulting in an 
individual who has a male phenotype. A 
full understanding of the syndrome of 
seminiferous tubule dysgenesis is par- 
ticularly desirable because of its asso- 
ciation, in many instances, with some 
degree of mental retardation (42). 


Concluding Remarks 


The principle of sexual dimorphism 
in the structure of intermitotic nuclei 
is well established and forms the basis 
of the “tests of chromosomal sex” that 
are valuable adjuncts to diagnosis in 
clinical medicine. An attempt has been 
made to point out deficiencies in our 
knowledge that may attract the atten- 
tion and interest of biologists. The etiol- 


ogy of the sex anomalies is in need of 
clarification, and a study of entire chro- 
mosome complements would be espe- 
cially helpful. Other lines of investiga- 
tion are suggested by the problems dis- 
cussed during the Symposium on Nu- 
clear Sex that was held in London, Eng- 
land, in September 1957 (43). 


Addendum 


Several reports that have an intimate 
bearing on this subject appeared after 
submission of the manuscript. 

At the time of preparation of the 
paper, there were two reports that dealt 
with the sex chromosome complex in a 
sex anomaly, as determined by the new 
cytological techniques, but they were in 
disagreement (4, 4]). Ford et al. (44) 
have now described an XX/XXY mo- 
saicism in a patient with the Klinefelter 
syndrome and a female chromatin pat- 
tern, which approaches the description 
of an XXY complex in a similar patient 
by Jacobs and Strong (4/1). I under- 
stand that the presence of an XXY com- 
plex in such subjects has been confirmed 
by unpublished work in several labora- 
tories. On the basis of this finding, Stern 
(45) was able to resolve the seemingly 
divergent results that had been recorded 
in connection with tests of color vision 
in patients with the Klinefelter syn- 
drome (40). 

The presence of an extra chromosome, 
which is one of the smallest autosomes, 
has been demonstrated in mongolism 
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(46). A somatic cell chromosome num- 
ber of 48, rather than the normal 46, 
has been found in a unique individual 
with both mongolism and the Klinefel- 
ter syndrome (47). One of the extra 
chromosomes was the small autosome 
that occurs in mongolism; the other was 
contributed by the unusual XXY sex 
chromosome complex of the Klinefelter 
syndrome. Important observations are 
also being made on the sex chromosome 
complement in cases of gonadal dys- 
genesis or Turner’s syndrome, in which 
a single X chromosome, unpaired with 
either another X chromosome or a Y 
chromosome, has been described (48). 

These observations necessitate a revi- 
sion of the currently accepted hypothe- 
sis of genetic sex-determining mecha- 
nisms in man, which are based on cyto- 
genetic studies in Drosophila. It now ap- 
pears that the Y chromosome, far from 
having a passive role in sex determina- 
tion, contains potent male-determining 
genes. In fact, the gonads have a nearly 
normal testicular structure in an XXY 
chromosome-bearing individual until the 
age of puberty, when the testicular pa- 
thology that is characteristic of the 
Klinefelter syndrome develops rapidly 
(49). The Y chromosome of the mouse 
has also been shown to bear male-deter- 
mining factors (50). But the details dif- 
fer in the two species, for the XO sex 
chromosome arrangement results in a 
fertile female in the mouse and an in- 
fertile female in man. 

The view that the sex chromatin is 
an XX chromosome marker is consistent 
with an XXY- complex for patients with 
Klinefelter’s syndrome and a female 
chromatin pattern, and with an XO ar- 
rangement for patients with Turner’s 
syndrome and a male chromatin pat- 
tern. But the important significance of 
the recent observations on chromosomal 
abnormalities is the clear demonstration 
of aneuploidy as a cause of some devel- 
opmental errors in man. The next few 
years are certain to bring developments 
of the first importance in the field of hu- 
man cytogenetics and in the application 
of cytogenetics to certain aspects of clin- 
ical medicine. 
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CURRENT PROBLEMS IN RESEARCH 








Intercellular Activities 


in Vertebrate Development 


Problems of embryonic organization are being attacked 


at subcellular, cellular, and supracellular levels. 


It is a historically fascinating but in 
some ways scientifically worrisome phe- 
nomenon that one of the principal prob- 
lems currently under study by investiga- 
tors of embryology is very much the 
same as one posed by Aristotle nearly 
2000 years ago. Aristotle asked, in a pas- 
sage that has lately been frequently 
quoted: “How, then, are the other parts 
[of the embryo] formed? Either they are 
all formed simultaneously—heart, lung, 
liver, eye, and the rest of them—or suc- 
cessively. . . . As for simultaneous for- 
mation of the parts, our senses tell us 
plainly that this does not happen: some 
of the parts are clearly to be seen in the 
embryo while others are not. . . . Since 
one part, then, comes earlier and an- 
other later, is it the case that A fashions 
B and that it is there on account of B 
which is next to it, or is it rather the 
case that B is formed after A?” 

Is it the case that A fashions B and 
that it is there on account of B which 
is next to it, or is it rather the case that 
B is formed after A? This is the prob- 
lem of becoming; how does what is one 
thing become what is. apparently an- 
other? Does it become, or was it ar- 
rived the whole time, only finally, like 
Mephistopheles in the melodrama, toss- 
ing off its dark cape and domino to 
reveal its original self? 

Aristotle approached the problem in 
terms of organs: “I mean, for instance,” 
he wrote in continuation of the passage 
quoted above, “not that the heart, once 
it is formed, fashions the liver, and then 
the liver fashions something else; but 
that the one is formed after the other 
[just as a man is formed after a child], 
not by it.” By placing his emphasis on 
organs, he recognized organization 
(though he did not call it by name) as 
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the primary clue to development and 
hence to the nature of the organism. 
Our very word organism, although in 
common use only since the 19th century, 
reflects the importance of the concept 
of organization in terms of organs which 
has dominated biology since the time of 
Aristotle. 

Today the problems of development 
are attacked primarily at a cellular and 
subcellular level. Biologists of the mid- 
20th century believe that cells are the 
organs—to use the word in Aristotle’s 
original sense of instrument—of devel- 
opment of the differentiating embryo. 
The most important aspect of develop- 
ment for the embryologist to study is 
the organization of the embryo. But 
since this has proved elusive, many in- 
vestigators of development, though not 
all, have contented themselves with 
studying the primary elements of the 
embryo, the cells, and in turn their con- 
stituent parts. 

The trends of thinking of embryolo- 
gists are in some ways less highly organ- 
ized than the morphogenetic activities 
of embryos, and it is hardly possible, 
therefore, to classify and neatly outline 
all the various methods currently being 
employed by embryologists to investi- 
gate all the varied methods employed by 
embryos to achieve their ends of making 
highly varied adults. The new tools of 
biological, biochemical, chemical, and 
physical sciences are being freely ap- 
plied to embryological problems; the 
techniques of electron microscopy, of 
immunology and serology, of radiobiol- 
ogy, to name but a few, are being vigor- 
ously pursued in embryological labora- 
tories. But even if it were desirable to 
list all the investigations currently ex- 
ploiting such techniques, their results 
could not be—or at least have not been 
as yet—comprehended in a_ single 


scheme of development which answers 
satisfactorily for all the questions of how 
the organization characteristic of the 
multicellular adult develops by means 
of cellular and subcellular activities out 
of the organization of the single-celled 
fertilized egg. (The development of the 
organization of the prefertilized egg, per- 
haps the most important developmental 
phase of all, is virtually uninvestigated. ) 
Therefore, in order to narrow the scope 
of the present article to at least partially 
comprehensible dimensions, I shall con- 
fine this discussion to one or two prob- 
lems of cellular activity in vertebrate 
development that have been under at- 
tack during the past quarter century and 
that still are today, in investigations that 
attempt to elucidate the most important 
unifying principle of development to 
have been discovered during the present 
century. 

Around twenty-five years ago, Hans 
Spemann’s Silliman Lectures first ap- 
peared in print, summing up the work 
of the previous quarter century on em- 
bryonic induction, a specific kind of 
cellular activity. What was the embryo- 
logical setting when Spemann published 
his book? Wilhelm Roux had at the 
end of the 19th century postulated two 
possible alternative relationships — be- 
tween developing embryonic parts: (i) 
either they influenced their neighboring 
parts during development or (ii) they 
did not, It seemed at the outset very 
simple to choose between these alterna- 
tives, and he outlined an experimental 
program which would enable embryolo- 
gists to do so. His own experiments were 
rarely adequate to answer the questions 
he framed, but the questions were none- 
theless often appropriate ones, and Spe- 
mann and Harrison and their followers 
developed the techniques of transplan- 
tation and of explantation to investigate 
Roux’s problems and their own which 
grew out of them. 

One of the important first results of 
experimental embryology was that in 
which at the beginning of this century 
Spemann demonstrated a dramatic in- 
teraction between neighboring cell lay- 
ers in the production of a complex struc- 
ture, the vertebrate eye. A lateral out- 
growth of the brain, the optic cup, which 
later forms part of the eyeball, was 
shown, by defect and transplantation ex- 
periments, to induce the overlying ecto- 
derm, by touching it, to form a lens. In 
some experiments the ectoderm, which 
would normally have formed a lens, 
failed to do so in the absence of such 
contact; in others, flank ectoderm 
grafted over the optic cup at an appro- 
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priate time was able to form a lens, 
which it would not have done in its 
original position in the absence of con- 
tact with the optic cup. The ectoderm 
forms the lens in a very simple way: a 
circular patch of cells thickens, then 
separates off to lie below the rest of the 
ectoderm, which becomes skin. Enclosed 
by the iris, the lens rudiment will later 
elaborate the peculiar fibers which will 
become crystal clear for the transmission 
and focusing of light rays. 

The lens-inducing effect is a general 
phenomenon, later found to occur in 
other vertebrate forms—certainly in 
birds, possibly in fish and mammals. The 
first demonstration of its occurrence in 
amphibians was, however, of prime im- 
portance in providing evidence for the 
development of the concept of embry- 
onic induction. 

It soon became apparent that other 
inductive systems have important roles 
to play during the course of amphibian 
development. Even more dramatic than 
the demonstration that an optic cup can 
induce flank skin grafted over it to form 
a lens was the demonstration that a cir- 
cumscribed portion of the young am- 
phibian embryo, the so-called organizer, 
which is located above the dorsal lip of 
the gastrula’s blastopore, could when 
transplanted into another gastrula induce 
the formation of a more or less whole 
new embryo (Fig. 1). The organizer 
region comprises the primordia of the 
dorsal axial tissues (notochord, bilateral 
rows of skeletal muscles, head meso- 
derm ). In the course of its inward move- 
ments during gastrulation, this region 
comes to underlay part of the ectoderm, 
which as a result of its contact with the 
underlaying layer becomes a self-deline- 
ated area, the neural plate. The cells of 
the plate elongate, then form a canal 
whose walls meet and separate from the 
skin to form a tube. This is the segre- 
gated: primordium of the central nerv- 
ous system, which will undergo mani- 
fold processes of growth and change of 
form to become the brain and spinal 
cord; its tissue will differentiate all the 
highly varied cell types which carry on 
the complex functions of nervous action 
and reaction and integration. It is thus 
an important problem for the embrvy- 
ologist to try to ascertain what stimulus 
from the underlying axial tissue layer 
impels the future neural plate ectoderm 
to carry out the chain of events which 
leads to the production of the elaborate 
central nervous system. 

Leaving aside for a moment the spe- 
cific issue, to which we shall return, of 
the nature of the inductive stimulus, 
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we see that these experiments not only 
raised specific questions, as good experi- 
ments should, but that they also an- 
swered some general ones, as not all ex- 
perimental results always do. They 
replied unequivocally in the affirmative, 
for some systems within vertebrate de- 
velopment at least, to Roux’s question 
as to whether embryonic parts can in- 
fluence other parts during development, 
and thus also to Aristotle’s question as 
to whether A “is there on account of B 
which is next to it.” Thus they were of 
the greatest theoretical significance, since 
they gave incontrovertible validity to the 
principle of progressive differentiation, 
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which holds that each step in deveiop- 
ment is an outcome of the steps immedi- 
ately preceding it and a necessary con- 
dition for those which are to follow it. 
While the principle of induction does 
not explain all developmental processes 
in all organisms, innumerable experi- 
ments have shown its wide applicability 
to many of them. The emergence of not 
only vertebrate lens and vertebrate ner- 
vous system but of many other organs 
of the vertebrate embryo can be under- 
stood only in terms of induction. While 
the differentiation of some organs in 
some invertebrates is accomplished inde- 
pendently of induction, inductive proc- 
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Fig. 1. Diagram of the transplantation of a piece of the amphibian upper blastoporal lip 
into another gastrula (a, b) and the structures self-differentiated and induced by the 
graft (c, d). In ¢c, the tissues derived from the graft are shown in black, and the induced 
tissues, in white. The graft would probably be somewhat larger than shown if it were to 
induce an embryo as complete as that delineated in d. [From J. Holtfreter and V. Ham- 
burger in Analysis of Development, B. H. Willier, P. A. Weiss, V. Hamburger, Eds. 
(Saunders, Philadelphia, 1955), p. 244, Fig. 82, reproduced by permission of Professor 
Holtfreter, the senior editor, and the publisher] 
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esses have been demonstrated to be re- 
sponsible for the development of some 
organs in a number of invertebrates also. 
Embryologists agree that the exact char- 
acter of the inductive mechanisms may 
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differ in detail at different stages in the 
forerunners of different organs. But the 
discovery of the general occurrence of 
the phenomenon was one of the most 
momentous discoveries of 20th-century 
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Fig. 2. Section through a culture in which mouse spinal cord (SC) has failed to induce 
tubule formation from mouse kidney-forming mesenchyme (M) through a filter (F), 
although cytoplasmic processes (CP) have visibly penetrated the filter. Weak inductions 
were produced through filters 20 to 65 w in thickness but were largely eliminated when 
filters 80 w in thickness were used. [From C. Grobstein, Exptl. Cell Research 13, 579, 
Fig. 5 (1957) ; reproduced by permission of the author, editors, and the publisher] 





Fig. 3. Electronmicrograph showing process of neural plate cell (NP) in contact with 


process of chordamesoderm cell (CM) in an early neurula stage of Xenopus. The arrow 
points to the region of contact. [From R. M. Eakin and F. E. Lehmann, Wilhelm Roux’ 


Arch. Entwicklungsmech. Organ. 150, 187, Fig. 13 (1957); reproduced by permission 
of Professor Eakin, the editors, and the publisher] 
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biology and was a factor of great im- 
portance leading to the recognition of 
the central position of problems of de- 


velopment in 20th-century biological 


thought and investigation. 

To return to the specific question as 
to the nature of the stimulus by which 
one group of cells affects another during 
induction, it may be said at the outset 
that it has not yet been answered un- 
equivocally for any single system, al- 
though the failure to arrive at a solution 
has surely not been for lack of trying, 
especially in the case of the induction 
of the amphibian nervous system, the 
problem on which the greatest amount 
of experimental attention has been ex- 
pended. 

At least one reason for the lack of 
final success in solving the problem was 
the adherence of embryologists to cur- 
rently fashionable ways of thinking, 
which encouraged them to hope too 
early for too simple a chemical answer 
to too complicated an embryological, 
and hence an organizational, problem. 
Already in the early 1930's, chemical 
attitudes began to be assumed by inves- 
tigators of embryonic organization. It 
was found at that time that killed or- 
ganizer cells and also killed nonorgan- 
izer cells could induce the development 
of an amphibian nervous system, and 
next that tissues, sometimes treated and 
sometimes not, taken from varied organs 
of varied organisms, invertebrate as well 
as vertebrate, could cause inductions in 
the amphibian egg. Biochemistry was 
less advanced in the 1930’s than in the 
1950’s—in fact the attempt to find the 
substance that could perform the mir- 
acle of organizing an embryo may have 
been one of the spurs to its rapid prog- 
ress—and it seemed less naive then than 
now to ask: What is the substance that 
acts as the organizer? When Harrison 
gave his lecture at the Harvard Tercen- 
tenary in 1936 he could quote as quite 
appropriate the couplet from Faust in 
which Faust’s pedantic student sang, 
“What used to be organized Now we 
can crystallize.” 

An early shattering of hopes resulted 
from the claims that a great diversity of 
chemical substances could act as induc- 
tors. Among the many substances dem- 
onstrated to produce inductions of sorts 
were a number of possible physiological 
significance; these included steroid hy- 
drocarbons, fatty acids, proteins, includ- 
ing nucleoproteins, and nucleic acids. 
Indeed, embryology rendered another 
great service to biochemistry by calling 
attention to the possible significance of 
ribonucleic acids in protein formation 
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through Jean Brachet’s histochemical 
studies on the localization of ribonucleic 
acid-rich particles in various regions of 
the amphibian embryo. 

In view of the multiplicity of agents 
demonstrated to be able to induce the 
formation of the amphibian nervous sys- 
tem one might suppose that Harrison’s 
successors delivering lectures today 
would find the quotation from Faust less 
apposite. Yet there are many for whose 
articles even now Goethe’s lines might 
form a fitting rubric. It was perhaps 
historically inevitable that investigators 
in the early 1930’s should have at- 
tempted to pinpoint a specific chemical 
agent as “the organizer”; while it may 
be equally inevitable, it is puzzling that 
the search for one, or for a few such 
agents, continues almost as vigorously 
today. This attitude is somewhat ques- 
tionable from the biochemical point of 
view, since the biochemists themselves 
now seek to characterize the activities 
of cells in terms of metabolic systems 
rather than of special substances per se. 
Making the jump, however, from organ- 
izer to chemical substance is even less 
excusable on the strictly biological side, 
since “the organizer” is by definition a 
whole district of living cells and not at 
all any kind of substance extractable 
from this district. Embryologists who 
keep in mind the complexities inherent 
in the processes of organizing the devel- 
opment of an embryo are well aware of 
the fallacy of attributing the control of 
such organization to the presence of a 
single omnipotent chemical substance as 
such. 

The search for chemical substances 
able to influence differentiation in the 
amphibian has altered in some respects, 
in that some of the effective agents now 
being isolated seem to induce ectoder- 
mal and others mesodermal structures, 
some anterior and others posterior ones. 
A merit of this change in attitude is that 
it is no longer generally considered to be 
a single magic substance that induces a 
nervous system or even organizes a whole 
embryo, but rather a number of sub- 
stances that can affect cellular differen- 
tiation, at least in vitro. Nonetheless the 
significance of the varied agents cur- 
rently under investigation remains a 
matter of some confusion. 

The agents studied are being isolated 
not from the embryo itself but from 
fractions of highly complex organs or 
tissues, such as mammalian liver or kid- 
ney. Other sources of effective fractions 
—bone marrow, whole blood, blood 
serum, plasma, homogenized 9-day chick 
embryos—are also hardly to be described 


18 SEPTEMBER 1959 


as physiologically, or biochemically sim- 
ple or homogeneous. While no evidence 
has as yet been adduced to prove that 
agents corresponding to those in the ef- 
fective fractions of liver, kidney, bone 
marrow, and so forth actually exist in 
the developing embryo, one group of ex- 
periments has suggested that an effective 
agent may be produced by amphibian 
chordamesoderm cells growing in tissue 
culture. It has been claimed that this 
agent is ribonucleic acid, and the evi- 
dence points to the fact that at least 
some of the effective agents extracted 
from the complex organs and _ tissues 
under analysis may be nucleoproteins or 
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nucleic acids. Many investigators con- 
sider this line of investigation to be one 
of the most promising currently being 
followed, and it is to be hoped that it 
will lead to further clarification of in- 
ductive mechanisms. 

If, however, ribonucleic acids are as 
important for the synthesis of proteins as 
modern biochemistry suggests, it would 
be surprising if the suitable administra- 
tion of ribonucleic acid or ribonucleo- 
protein to an embryo were not to result 
in some alteration of its development, 
provided it succeeded in entering its 
cells at all. But the fact that the altera- 
tion takes the form of making a new ner- 
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Fig. 4. Diagrammatic sections showing successive stages of reaggregation of experimentally 
dissociated cells of amphibian neurulae. (Left) The recombination of dissociated epi- 
dermal and endodermal cells leads to a sorting-out and self-isolation of homologous 
tissues. (Middle) When dissociated neural plate and endoderm cells are recombined; the 
former move centripetally to produce a solid core of neural tissue. (Right) Inclusion of 
neural fold cells with neural plate and endoderm results in the formation of epidermis 
and mesenchyme which prevent central allocation of the neural tissue and promote the 
formation of a cavity in the nervous tissue. [From P. L. Townes and J. Holtfreter, J. 
Expil. Zool. 128, 79, 74, Figs. 18,16, 17 (1955) ; reproduced by permission of Professor 


Holtfreter, the editor, and the publisher] 








vous system or a new embryonic axis is 
attributable as much to the responding 
cells as to the administered ribonucleic 
acid or ribonucleoprotein. The nature, 
biochemical or physiological, of the proc- 
esses whereby the reacting cells respond 
to the administration of ribonucleic acid, 
ribonucleoprotein, or any other inducing 
agent is something that embryologists 
realize it is important to know but an 
area they have as yet not been able to 
investigate. 

Furthermore, whether indeed any large 
molecule actually passes from inducing 
to responding cells remains another open 
question, and one which unfortunately 
tracer techniques have not as yet been 
sufficiently refined to answer unequivo- 
cally. One of the more recent pastimes 
of embryologists has therefore been to 
search for visible mechanisms whereby 
substances of large molecular size might 
pass from the inducer to the induced. 
In one series of experiments in which a 
different inductive system from that we 
have been describing is employed— 
namely, an effect of embryonic mouse 
spinal cord on mouse kidney tubule for- 
mation in tissue culture—it has been 
demonstrated that a filter of known pore 
size which fails to permit protoplasmic 
contact between inducer and induced 
(Fig. 2) still permits at least weak in- 
ductive effects. In another study, proto- 
plasmic continuity between amphibian 
chordamesoderm and overlying ectoderm 
has been suggested (Fig. 3); this the in- 
vestigators postulate as a possible path- 
way for the exchange of macromole- 
cules, lipoid droplets, or even formed 
cytoplasmic elements. 

But meantime, while the search for 
effective large molecules or molecular 
aggregates of fashionable composition 
continues, together with the search for 
their means of transfer by fashionable 
methods, some skeptics continue to 
worry about some experiments whose 
results seemed most unfashionable at the 
time of their first discovery. In the 
1940’s, an old experiment, the isolation 
in salt solution of amphibian gastrula 
ectoderm without chordamesoderm—an 
experiment which could theoretically 
have only one result, namely, no nerv- 
ous system formation—suddenly had, 
when carried out on a different am- 
phibian species, a totally different re- 
sult. Nervous system was formed. Fur- 
thermore, these results were found to be 
modifiable by the simple expediency of 
changing the hydrogen ion concentra- 
tion of the solution. (Back in the 1930's, 
by the way, when the first chemical 
studies were made, F. G. Fischer, a col- 
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Fig. 5. Surface coat covering cells of the 
morula stage of Amblystoma punctatum. 
Filliform and knoblike processes can be 
seen interconnecting the blastomeres. 
[From J. Holtfreter, J. Exptl. Zool. 94, 
265, Fig. 1 (1943); reproduced by per- 
mission of the author, editor, and pub- 
lisher] 


laborator of Spemann, had demonstrated 
nucleic acid, among many other agents 
of a dissimilar nature, to be an inducer, 
and had felt it probable that the acid 
components of the nucleotides were the 
effective agents, although the organic 
acids he found effective were large mol- 
ecules and he had no success with hydro- 
chloric acid.) In the new experiments 
performed in the 1940’s the use of dis- 
tilled water instead of salt solution, the 
addition of alcohol to the medium, or 
the absence of calcium ions also resulted 





in the formation of nervous system by 
isolated ectoderm. The general signifi- 
cance of the new demonstration of ner- 
vous tissue differentiation by isolated 
ectoderm and the particular nature of 
the action of the environmental medium 
still remain to be satisfactorily inter- 
preted. The experimental results were 
nevertheless of vast importance in that 
they proved the necessity of maintain- 
ing a skeptical attitude towards the con- 
clusiveness of the results obtained with 
defined substances of complex nature as 
regards their inductive specificity. They 
pointed towards the fact that what de- 
termines the outcome of the experiment 
is not so much the nature of the applied 
chemical agents as the intracellular 
physiological mechanisms brought into 
play by the chemical stimulus, and thus 
they suggest the paramount importance 
of developing new methods, more ade- 
quate than the old, to investigate these 
mechanisms. 

The fact that the embryologists who 
danced down the primrose way of bio- 
chemistry have failed to find within cells 
master molecular agents which govern 
the formation of embryos has not, how- 
ever, perturbed some investigators who 
have meantime continued to study em- 
bryos at cellular and supracellular levels, 








Fig. 6. Intercellular fibers joining living segmental plate cells at the definitive streak stage 
in the chick. [Courtesy of Nelson T. Spratt, Jr., University of Minnesota] 
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and from the laboratories of the latter 
are appearing results as dramatic as any 
which have ever been described for em- 
bryological experiments. Analysis in- 
volves resolution into elements, and the 
embryo’s primary elements are cells. 
Embryos can now be physically as well 
as intellectually resolved into their cells, 
by treatment with trypsin or other dis- 
persing agents, and the actions whereby 
such dispersed cells show affinities or 
disaffinities for each other, differing for 
different cell types and at different ages, 
are now being described (Fig. 4). The 
analysis of the factors responsible for 
such affinities and _ disaffinities has 
scarcely begun but promises fertile prob- 
lems for investigation by modern im- 
munological and other methods. 

Finally,.to conclude with the most im- 
portant consideration of all, even in em- 
bryos such as those of the vertebrates, 
and in our amphibian example, in which 
induction and other cooperative cellular 
activities are essential components of 
progressive differentiation, these cellu- 
lar actions are not isolated mechanisms 
but are components of the over-all proc- 
esses used by the embryo to make its 
whole self. The significance of organizer 
action is that when the organizer is 
grafted, it induces not only a neural 
axis but a more or less whole embryo. 
In the heat of the press for the isolation 
of chemical agents this has sometimes 
been forgotten by embryologists, but 
never by embryos, and what becomes in- 
duced in any given situation in many 
cases seems to reflect at least a strong 
attempt of the reacting embryonic part 
to create a new whole. 

A few investigators have studied agen- 
cies involved in the production and 
maintenance of wholeness by studying 
activities not only between but also over 
and above cells, which permit cells to 
conjoin their activities. Some visible en- 
tities have recently been described which 
might act in such capacities. In the am- 
phibian embryo Holtfreter has demon- 
strated a supracellular coat (Fig. 5) 
which serves to coordinate the move- 
ments of the cells during gastrulation. 
Intercellular bridges, said to contain 
endoplasmic reticulum, have been dem- 
onstrated in the embryo of the chick 
(Fig. 6) at somewhat later stages than 
those we have been discussing for the 
amphibian. However, no open channels 
between early developing embryonic 
cells, such as those which connect syn- 
chronously developing cells of postem- 
bryonic stages—for instance, mamma- 
lian spermatids and spermatocytes (Fig. 
7) and cnidoblast-forming interstitial 


18 SEPTEMBER 1959 


cells of Hydra—have as yet been dem- 
onstrated. 

But there are some embryologists who 
still believe that even if such bridges 
were to be demonstrated, and even if the 
composition of the molecules and molec- 
ular aggregates or formed bodies which 
might traverse them were known, the 
question still would remain open as to 
what organizes the cells to construct the 
bridges and to manufacture the agents 
which cross them and to create the nec- 
essary physical conditions to permit the 
development of wholeness in the aggre- 
gate of cells. Lest the reader misunder- 
stand, this statement does not represent 
a retreat to the position of Driesch, who 
had to evoke a deus ex machina to ex- 
plain the processes whose machinery 
transcended his understanding. It is 
rather an admission that if embryologists 
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know that cells are important elements 
of the embryo, they are not yet able to 
define organization itself in physiologi- 
cal terms sufficiently precise to permit 
its analysis by physiological methods. 
Embryos, like embryologists, are made 
up of atoms and molecules. What is not 
known about embryonic organization is 
how chemistry relates to structure, as 
was pointed out in the two summaries 
of the recent McCollum-Pratt Sym- 
posium on the Chemical Basis of Devel- 
opment. Yet much positive progress has 
been made in analytical embryology dur- 
ing the past half century. The most per- 
ceptive embryologists, such as Roux, 
Harrison, and Spemann in the past and 
Holtfreter, working at present, have been 
clever enough to isolate a few separate 
mechanisms which have been at least 
partially resolvable into simpler proc- 









Fig. 7. Electronmicrograph showing intercellular bridge between two conjoined sper- 
matids of the guinea pig. (JB) Intercellular bridge; (Ac) acrosome; (N) nucleus. 
[Courtesy of Don W. Fawcett, Cornell University Medical College] 
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esses. But the resolution into simpler 
processes has been partial, not complete, 
and the relation of the isolated mecha- 
nisms studied to the organization of the 
whole has thus far defied analysis and 
thus stands as a challenge to the em- 
bryologists of the future. 

Wilhelm Roux was once asked by 
Emperor Franz Josef, who made a visit 
to his laboratory, how he made discov- 
eries in experimental embryology. Roux 
replied that the investigator “must have 
a question in his mind, and then look 
for an appropriate method to force an 
unequivocal answer to it.” Investigators 
have made great progress toward com- 
pelling an answer to the question raised 
by Aristotle, but the complete answer to 
it will never be known until a new Aris- 
totle frames an equally cogent question 
or set of questions regarding the organi- 
zation of the whole. Embryos are no- 
toriously resistant to threats of force, and 
the new Aristotle, like the old, will surely 
be someone, who, like Roux, like Harri- 
son and Spemann, like Holtfreter, un- 
derstands the living whole embryo suffi- 


ciently to deal with it on its own terms. 
Embryos are creative artists, and, like 
other artists, they create form. The diffi- 
culties that face whoever tries to ex- 
plain their success have their counter- 
parts in those confronting anyone who 
tries to account in specific terms for the 
greatness of any work of art. Knowledge 
of the molecular constitution of his pig- 
ments does not suffice to explain the 
genius of Leonardo. In embryology as 
in art, appreciation is probably more 
effective than atomizing as an introduc- 
tory approach to the understanding of 
the genesis of form. 
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Relationship between 


Stimulus and Response 


The “shape” of the problem serves to clarify the 
disparity between graded and quantal response. 


In all sciences concerned with excit- 
able biological systems, the task of quan- 
tifying the relationship between the 
excitatory stimulus and the biological re- 
sponse is complicated by the differences 
in excitability among the individuals 
studied. This, article (J) tries to analyze 
the problems arising from this compli- 
cation. As an almost uniquely suited 
proving ground for the analysis, the field 
of pharmacology has been chosen. This 
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field is entirely devoted to the study of 
a chain of events that begins with the 
pharmacological stimulus, called “dose” 
(D), and ends with the ultimate response 
to this stimulus, called “effect” (E). 
The practical importance of the car- 
riers of the pharmacological stimulus, 
the “drugs,” has directed the efforts in 
this field toward an especially ambitious 
goal—namely, that of arriving ultimately 
at a single numerical expression of po- 
tency (P), the stimulatory strength in- 
herent in a drug. The greater the effect 
E elicited by a certain dose D, the higher 
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the potency, and the greater the dose 
required to elicit a certain effect, the 
lower the potency: 


P=f(E/D) 


Hence, the student of potency sets out 
to measure the quantitative relationship 
between D and E. Very soon, however, 
he finds himself at a parting of the ways 
where one fork is marked “graded-re- 
sponse,” the other, “quantal response.” 
The road signs as well as the guidebooks 
may suggest that the two roads offer him 
an equal chance. Whether or not this 
conclusion is correct only a reliable road 
map will tell. Only a view of the Gestalt 
of the problem (2) will provide precise 
information on how closely akin graded 
and quantal responses are and on what 
role either of them plays in determining 
the dose-effect relationship and potency. 

In such an endeavor, one must dis- 
pense with all and any procedures of 
transformation ingeniously introduced 
for biostatistical purposes—for example, 
with the use of metameters such as log 
D, E probit, and logit. Any such met- 
ameter (3) is a mathematical function 
of the magnitude “as‘measured,” a func- 
tion “used in calculations” “because of 
its convenience” (the quotations are 
from Gaddum, 4) as a means of con- 
verting curvilinear into rectilinear rela- 
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. 1.0 > ~ Variation ot Tolerance D,E plane containing a D,E cuive of 
om & / G ae’ somewhat different course (compare the 
7] 7 Though generally accepted, the con- three curves, for T16, T50, and T84, 
her, 75 7 7 a cept of the D,E curve fits only the ideal plotted in Fig. 1). It is only in such a 
she { Hy P. case in which all individuals of the popu- three-dimensional octant that the D,E 
8). be y J lation of experimental subjects (organ- relationship can be faithfully depicted. 
5 a tl .50 ; 7 isms, tissues, cells, and so on) exhibit The real D,E relation is not shown by a 
s of = 1 F the same tolerance of the pharmacologi- single D,E curve but is represented by 
a H ‘ cal stimulus. In reality, the individuals the integration of the D,E curves for all 
i = / / / in any population differ in tolerance T. the different values of T into a D,T,E 
r) , When large, randomly selected popula- space surface. A model of the three- 
55). es ¥. Pa tions are tested in single-dose groups, directionally curved surface, constructed 
-560 e) 2.5 5.0 75 10.0 the percentage of responders at any se- from the values given in Fig. 1, is de- 
_— DOSE—> lected E level increases with the dose picted in Fig. 2. 
Fig. 1. Dose-effect curves. Curve DE50 and, hence, can be taken as a measure 
logy is arbitrarily plotted on the basis of an of T. The value n of T for any particu- 
1-46 assumed S-shaped course and of a toler- lar D can be regarded as the tolerance of Isographic Views 
ance value of 50. The two dashed curves ogee . . 
nick, for tolerance values of 16 and 84 were the nth individual in a population of 
58) , ‘ 100 individuals arrayed in series of in- For a more Concise clarification of 
then calculated under the arbitrary as- , 
nical sumption of constancy of the coefficient creasing tolerance (6). certain aspects of the spatial arrange- 
d B. of variation at all levels of E. Thus T enters the graphic view as a ment, the stereometric image can be re- 
5 third variable whose axis is suitably pre- duced to two-dimensionality by way of 
sented horizontally at right angles to parallel projections of suitable profile 
tions (an instructive translation would both a vertical E axis and a herizontal lines of the space structure upon the 
hack: be, “meta” equals “rubber,” “meter” D axis. The result is a D,T,E space oc- three border planes of the space octant. 
equals “band”). Whereas such ortho- tant rising over a basal D,T plane. For In the context of this study, only those 
pedic operations may excellently serve every value of T there rises a vertical two projection planes involving the vari- 
certain technical purposes, the faithful 
view, which I propose to display in this 
article, has to be drawn to scale and to 
7 depict the shape of the problem in all 
the its natural curvaceousness. 
Dose-Effect Curve 
sip Customarily, the dose-effect relation- 
yeet; ship is graphically pictured in the form 
ways of the D,E curve which relates each 
het. dose D with its effect E in a diagram 
sant with the rectangularly intersecting co- 
cule ordinates of D and E (see the three arbi- 
Shes trarily plotted examples in Fig. 1). In all 
this its simplicity, this form of presentation 
soul takes into account a number of note- 
stalt worthy facts, such as (i) that the D,E 
jolen relation is only a special case of stimulus- 
rs response relation, which again is a spe- 
hans cial case of cause-consequence relation; 
ning (ii) that D and E are continuously vary- 
mey. ing magnitudes; (iii) that D is the in- 
dis- dependent variable, whose conventional 
a a place is on the abscissa, and E the de- 
— pendent variable, with its proper place 
nple, on the ordinate. As to the yardstick of = Pi 
s log the two axes, D (the pharmacological Fig. 2. Model of D,T,E space surface depicting the relationship between dose, rey 
stimulus) usually has the dimension of and effect. D, dose in values from 0 to 10 (mg/ kg); T, tolerance in values from 0 to ( 
met- ‘ : (maximum tolerance) ; E, effect, marked in values of 0, 0.25, 0.5, 0.75, and 1.0 (maxi- 
ction” concentration. (grams per kilogram; mum). The surface is constructed on the basis of the values employed in Fig. 1. The 
func- moles per liter, and so on) (5); the most three curves rising with the slope of the space surface from its bottom to its top represent 
wa general way of quantifying E (the the dose-effect curves (isopleths) for tolerances 16, 50, and “ prepare gages 1 
= FEES ee ee ee en ae ee 
con- ee aes eo omer ae tolerance curves (isobols) for effect levels 0.25, 0.50, and 0.75, respectively; their pro- 
rela- alteration of function that can be evoked jections upon the basal D,T plane are visible in the lower half of this figure and also in 
by the optimally effective stimulus, Fig. 3. Note the complete disparity between the two types of curves. 
aexnd 18 SEPTEMBER 1959 os 











able D are of interest—that is the ver- 
tical D,E and the horizontal’ D,T planes. 
In both planes the profile lines depict 
the relation between each two of the 
variables, the value of the third variable 
being constant along each curve and ap- 
pearing only as’ its affix. 

In an exhaustive projection picture, 
the profile lines would appear as an in- 
finitely large family of curves—namely, 
of D,T curves and D,E curves, respec- 
tively. Discussion of such projection 
curves is facilitated by the general ter- 
minological usage designating them as 
isograms in reference to the third vari- 
able. Thus, the D,T, (E constant) curves 
in the D,T plane are designated by the 
term isobol, a word long employed (7) 
to name, in a map of any two variables, 
lines going through ‘points of equal 
effect. No less appropriately, the term 
isopleth (taken over from geological 
maps where it is employed to designate 
lines going through points of equal con- 
tent of an element) can be applied to 
any D,E,(T constant) curve in a D,E 
plane, along which the percentage of re- 
sponders is equal. 

It would be convenient if these still 
rather complex profile pictures could be 
further streamlined without loss of faith- 
fulness in depicting the essentials of the 
respective D,T,E relationship. In the case 
of the isoplethic presentation of the 
D,E relation this is possible because the 
D,T curve represents a cumulative toler- 
ance distribution where the majority of 
individuals is likely to fall in the middle 
range of tolerance, between two suit- 
ably chosen values T < 50 and T > 50, 
with maximum likelihood at T50. For 
this reason the isopleth for 750, to- 
gether with the isopleths for 716 and 
T84 or any other two isopleths marking 
fiducial limits for a desired probability 
level, is quite apt to give a shorthand de- 
scription of the essential characteristics 
of the D,T,E relation. (It may now be 
noted that Fig. 1 presents such a triple 
isoplethogram.) For obvious reasons, 
multiple isobolograms (see Fig. 3) do 
not lend themselves to a shorthand con- 
densation of this type; the isobol for 
E 0.5, the midway level of E, lacks the 
focal statistical importance inherent in 
the T750 value, and no other short cut 
has yet been devised. 


Floor Plans Supplement 
Vertical Profile Plans 


That all three variables, D, T, and E, 
must inevitably be taken into considera- 
tion in every dose-response problem is 
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Fig. 3. Dose-tolerance curves at effect 
levels 0.25, 0.50, and 0.75, respectively, 
plotted on the basis of the data that under- 
lie Figs. 1 and 2. 
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most clearly borne out by the procedural 
requirements arising when the picture 
of the general interdependency has to 
be replaced by the portrait of any indi- 
vidual case—that is, when the quantita- 
tive relations have to be expressed in 
concrete numbers. Even for a single 
D,E curve, of necessity isoplethic, the 
D value coordinated to a certain E value 
can accurately be established only by 
determination of the isobolic D,T curve 
at the desired E level. Accordingly, for 
a portrait of the three-dimensional 
D,T,E surface, a sufficient number of 
D,E isopleths for all pertinent T values 
and a sufficient number of D,T isobols at 
various E levels are equally prerequisite, 
the multiplicity of D,T isobols serving 
as the tool for establishing the T values 
of the D,E isopleths. 


Spirit Level versus Altimeter 


Now that a panoramic view of the re- 
lations between dose, effect, and toler- 
ance has been unfolded, it is possible to 
allocate to “graded response” and 
“quantal response” their proper place 
and to arrive at a comparative charac- 
terization of their relations to D. 

There is no doubt that the term 
graded response is synonymous with 
effect E, as defined for the purpose of 
the present analysis; the relation be- 
tween dose and graded response is iden- 
tical with the D,E relation envisaged in 
the preceding discussion. 

The expression quantal response is not 
so self-explanatory. However, every de- 
scription of the procedures employed in 
the study of quantal response makes it 
clear that first of all “a certain reaction” 
(8)—“some definite positive reaction” 





(4)—is selected and that specified doses 
are then given, each to several individ- 
uals, and the number of responders in 
each single-dose group is determined. 
The “certain reaction” employed as the 
touchstone of the individual’s “all-or- 
none” response, if of any use for pur- 
poses of quantitation, must necessarily 
be of the nature of what is often called 
“endpoint” (of effect)—a term not re- 
ferring to the upper “end” of the D,E 
curve but to any selected and quantita- 
tively defined point on the D,E curve; 
it must signify a certain adequately con- 
stant level of E in the course of a D,E 
relation. (For the validity of this pos- 
tulate it is irrelevant whether adequate 
definition of other E levels of this par- 
ticular D,E relation is considered either 
negligible or technically impossible.) 
Thus, the relationship between dose and 
quantal response is identical with the 
D,T relation at a certain fixed value of 
E; the student of quantal response estab- 
lishes a single D,T isobol. 

Evidently the comparison between the 
objectives of graded-response and quan- 
tal-response studies reveals differences 
that lie deeper than merely in the field 
of procedure. 

1) Judicious studies of graded re- 
sponse accurately evaluate altitude and 
slope all along the D,7,E surface. De- 
terminations of quantal response yield 
numerical information on the tolerance 
distribution at a certain arbitrarily or in- 
voluntarily fixed elevation of that sur- 
face. If a more pictorial comparison is 
permissible, the student of graded re- 
sponse tackles the steepest ascent of the 
D,T,E surface, whereas the student of 
quantal response moves somewhere at 
the slope of the surface on a strictly level 
path. 

2) Quite contrary to E, the value of 
T is determined solely by the biological 
subject. At constant T, E is unilaterally 
dependent on D; at constant E, the D,T 
relation describes the mutual interde- 
pendency of two independent variables. 
Thus, the role played by the respective 
two variables is essentially different in 
the dose-graded-response and the dose- 
quantal-response relation. 

3) That the two phenomena, graded 
response and quantal response, are desig- 
nated by the word response is not based 
on an essential similarity but on a merely 
incidental homonymity. In graded re- 
sponse, as in its customary use in physi- 
ology, the noun (correctly employed as 
a singular) is a term from the language 
of measuring; in quantal response it is 
a term from the language of counting 
(and would probably more correctly be 


SCIENCE, VOL. 130 





ses 
id- 


in 


he 
or- 


‘ily 
led 


),E 
ita- 
ve; 


),E 
\OS- 
ate 
ar- 
her 
le.) 
and 
the 
> of 
tab- 


the 
lan- 
ices 
ield 


re- 
and 
De- 
ield 
ance 
r in- 
sur- 
nis 
re- 
the 
t of 
e at 
level 


ie of 
vical 
rally 
D,T 
arde- 
bles. 
ctive 
it in 
dose- 


aded 
lesig- 
yased 
erely 
1 re- 
hysi- 
ad as 
ruage 
it is 
nting 
ly be 
L. 130 





employed as a plural). The two mean- 
ings of response, one might add, are as 
unrelated as those of the word freedom 
in “freedom (meaning exemption) from 
thought” and in “freedom (meaning 
liberty) of thought.” 

Thus, from all aspects one arrives at 
the-conclusion that graded response and 
quantal response are by no means essen- 
tially equivalent and that they are not 
mutually interchangeable approaches to 
the determination of the D,E relation. 
The single isobol, which is all that can 
be established by a quantal response, de- 
picts the D,T relation at one (and only 
one) level of E and gives no informa- 
tion whatever on the D,E relation. 
Whereas a plurality of D,T isobols from 
different E levels serves as a tool in de- 
termining the D,E relationship, due re- 
gard being given to the variation of T, 
a solitary D,T isobol signifies, so to 
speak, only one out of many necessary 
manipulations with this tool. 


Potency, a “Many-Headed Multitude” 


Since the ratio D/E is a major deter- 
minant of potency, a broader view of 
the D,E relationship is liable to throw 
more light on the problems of potency as 
well. Neither D,E nor D,T curves can 
be expected to be rectilinear, nor can 
the D,T,E structure be a (mathemati- 
cally) regular surface. Hence, “the po- 
tency of a drug” is never a singular. Even 
for the same quality of effect, potency 
varies with E as well as with T. A satis- 
factory image of the potency of a drug 
is as composite and as pluridimensional 
as the image of the D,E relationship. No 


formula is yet available by which this in- 
finite multitude of potency values can be 
compressed into a single figure. 
Whenever the potency of a drug is 
presented in the form of a single value, 
this signifies that the value is valid only 
for a narrow section of the large field of 
varying potencies and has been obtained 
by keeping some determinant variables 
constant and thus disregarding them. In 
this way, for instance, quantal-response 
procedure unassumingly pin-points its 
attention on establishing a value 1/P 
called “ED50.” In this expression, “50” 
indicates that the 1/P value offered is 
valid only for T50—that is, for subjects 
exhibiting the median tolerance of the 
“normal” or “probit 5” individual. E in 
“ED50” is usually said to stand for “ef- 
fective”; the meaning is clearer if it is 
interpreted as standing for “endpoint” 
—namely, for the particular level of E 
on which the isobolic D,T relation of the 
quantal-response study takes its course. 
Fortunately, as discussed above, a 
quantal-response study, in order to ar- 
rive at the ED50 value by biostatistical 
interpolation, must first establish a num- 
ber of D values for other tolerances in 
the course of the D,T isobol and can 
thus increase, though still only on the 
same constant E level, the amount of in- 
formation considerably by adding data 
on the “error” (error due to the varia- 
tion of T)—for example, the ED16 and 
ED84 values, These fiducial limits are 
often determined by admirably intricate 
biostatistical calculations; however, such 
intricacy must not mislead one into be- 
lieving that the ED50 marks more than 
a single point on the D,7,E surface, that 
the P value derived from it marks more 


News of Science 


AAAS Library Program Releases 
Book List: Elementary-School 
Traveling Library Launched 

The AAAS Library Program, with 
support from the National Science Foun- 
dation, has this year issued a new catalog, 


The AAAS Science Book List, contain- 
ing 900 titles. The new 140-page publi- 
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cation is a guide to recreational and col- 
lateral reading and to basic reference 
works in the sciences and mathematics 
for junior and senior high-school stu- 
dents, college undergraduates, and non- 
specialist adults. It also serves as an 
acquisition guide for school and public 
libraries. The list has been prepared spe- 
cifically as an aid in purchasing books 


than one out of many different P values 
of the drug, or that the three ED values 
presented yield more than a still rather 
crude estimate of the tolerance distri- 
bution on the one particular E level. 
Nor must it divert attention from the 
fact that not even a much more exhaus- 
tively established D,T curve could give 
any information on potencies at other 
E levels. It is not necessary to empha- 
size that all these fallacies are avoided 
when the aforementioned graded-re- 
sponse studies of the real D,E relations, 
aided by studies of D,T relations at 
several E levels, are employed as the 
basis of multiple 1/P and P determina- 
tions. 
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(other than textbooks for class use) 
under the provisions of Title III of the 
National Defense Education Act of 1958. 

Initially, United States book publish- 
ers provided complimentary copies of 
books on a preliminary list, which was 
then circulated for review and evaluation 
to members of the AAAS Council. Not 
only have all of the books listed been sug- 
gested by specialists, but, to assure their 
suitability, they have been read and 
evaluated by senior high-school students 
and college undergraduates already well 
grounded in the various fields of science 
and mathematics. 

Each citation in the AAAS catalog 
contains a brief descriptive note and a 
designation concerning degree of diffi- 
culty. To assist librarians with limited 








budgets, the AAAS has marked approxi- 
mately 100 entries with a double asterisk 
to indicate books that are considered 
indispensable; some 200 other books 
carry a single asterisk to indicate that 
they are recommended if resources per- 
mit. 

While several well-known book lists 
for high-school libraries are available, 
none of those consulted by Hilary Dea- 
son, director of the AAAS Science Li- 
brary Program, gave sufficient represen- 
tation to the sciences and mathematics. 
Deason believes that in the average 
high-school library the titles in the pure 
and applied sciences should aggregate at 
least 20 percent of the total. However, a 
survey of the libraries of approximately 
2600 representative high schools partici- 
pating in the Science Library Program 
during the past 2 years shows that sci- 
ence titles constitute only 5.2 percent of 
their collections. 


Primary-School Library Launched 


On 7 September the National Science 
Foundation announced the award of a 
$500,000 grant to the AAAS to extend 
the successful Traveling High-School 
Science Library Program to include a 
Traveling Elementary-School Science 
Library. Five hundred sets of 160 books 
have been selected for the new program 
and, as schools reopen this month, stu- 
dents in 800 elementary schools through- 
out the nation will begin to enjoy science 
books of the kind heretofore circulated 
only in high schools. 

The 160 books represent all major sci- 
entific disciplines, including mathemat- 
ics. An accompanying catalog classifies 
the volumes at three levels of difficulty: 
P, primary or very simple; J, intermedi- 
ate; and A, advanced. The AAAS plans 
to circulate 80 books at a time to each 
of the 800 schools, with an exchange at 
mid-year. 


High-School and Paperback Programs 


The Traveling High-School Science 
Library is now beginning its fifth year, 
having been instituted in 1955-56 with 
11 sets of books that circulated to 55 
schools. This year the library contains 
465 200-book sets that will go to 1700 
schools. Each of the current units con- 
sists of 165 books that were included in 
the library in previous years and 35 
new selections, necessary because certain 
books included previously became un- 
available. 

Two years after the establishment of 
the first Traveling Library it became 
evident that the program was stimulating 
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wide interest among adults; therefore, 
An Inexpensive Science Library, a se- 
lected list of paperbound science books, 
was prepared. A first edition of 24,000 
copies issued in 1957 and a revised sec- 
ond edition of 50,000 copies issued in 
1958 are both out of print. The present 
edition contains a brief descriptive note 
for each book and classification accord- 
ing to degree of difficulty. The edition 
lists 400 titles. 

The AAAS publishes annotated cata- 
logs of the two traveling school libraries 
mentioned above, which may be obtained 
at 25 cents each; The AAAS Science 
Book List is $1 a copy; and An Inexpen- 
sive Science Library costs 25 cents. 





Senate Committee Reports Effects 
of Hypothetical Nuclear War 


A “Summary-Analysis” of hearings on 
biological and environmental effects of 
nuclear war was released on 31 August 
by the Joint Congressional Committee 
on Atomic Energy. The publication re- 
views the major points developed dur- 
ing hearings that were held 22-26 June 
by the Special Subcommittee on Radia- 
tion, under the chairmanship of Repre- 
sentative Chet Holifield (D-Calif.). 

The hearings covered by the 58-page 
analysis were for the purpose of estab- 
lishing “a public record clearly. setting 
forth the scientific facts concerning the 
probable physical and biological effects 
of such a war on man and his environ- 
ment.” The analysis noted that “this is 
the first time any comprehensive presen- 
tation of such facts has been made to 
the American people or to the people 
of any other nation.” 

The subcommittee assumed a hypo- 
thetical attack in which 263 nuclear 
weapons in 1-, 2-, 3-, 8-, and 10-mega- 
ton sizes, with a total yield of 1446 
megatons, were detonated on 224 targets 
within the United States. An additional 
2500 megatons were assumed to have 
been detonated elsewhere in the North- 
ern Hemisphere in attacks on overseas 
United States bases and in retaliation 
against the aggressor homeland. All 
weapons were arbitrarily designated as 
having a yield of 50 percent fission and 
50 percent fusion. 

The human casualty estimates and 
the probable damage to dwellings in the 
United States were described as follows: 

“The expert testimony and supporting 
scientific data presented at the Subcom- 
mittee hearings indicate that under pres- 
ent,,.conditions such an attack would 





have cost the lives of approximately 50 
million Americans with some 20 million 
others sustaining serious injuries. More 
than one-fourth (11.8 million) of the 
dwellings in the United States would 
have been destroyed and nearly 10 mil- 
lion others would have been damaged. 
Some 13 million additional homes 
would have been severely contaminated 
by radioactive fallout. Altogether, ap- 
proximately 50 percent of existing 
dwellings in the United States would 
have been destroyed or rendered un- 
usable for a period of several months. 

“Although the weapon detonations 
used in this exercise were designated as 
surface bursts which would maximize 
the local radioactive fallout hazard, 
nearly 75 percent of the deaths would 
have resulted from the blast and thermal 
effects combined with immediate radia- 
tion effects. Only 25 percent of all fatali- 
ties would have resulted from fallout. At 
the same time more than half of the sur- 
viving injured would have radiation in- 
juries. Most of the damage sustained by 
dwellings would have resulted from the 
blast and thermal effects.” 

The analysis also points out that 
“probably the most significant finding 
presented to the Subcommittee was that 
civil defense preparedness could reduce 
the radiation casualties of the assumed 
attack on the United States from ap- 
proximately 25 percent of the population 
to about 3 percent.” It was the conclu- 
sion of expert witnesses that the United 
States must have a national radiological 
defense system. The report especially 
emphasizes the finding that a nuclear 
war of the magnitude considered would 
not, as many had previously believed, 
extinguish all human and animal life. 


AAAS Oceanographic Congress 
Has Large Attendance 


There were 41 scientists from the 
U.S.S.R. alone among the participants in 
the International Oceanographic Con- 
gress that closed at United Nations head- 
quarters on 12 September. Nearly 1200 
people, representing more than 40 coun- 
tries, registered for the 13-day meeting, 
which was jointly sponsored by the 
AAAS, UNESCO’s International . Ad- 
visory Committee on Marine Sciences, 
and the Special Committee on Oceanic 
Research of the International Council of 
Scientific Unions. 

There were 11 women in the Soviet 
group, which arrived on 28 August 
aboard the oceanographic ship Mikhail 
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Lomonosov, a large vessel that carries a 
64-man crew. The Russians were wel- 
comed by a AAAS delegation that in- 
cluded Gordon Lill, a member of the 
committee on arrangements and chief of 
the geophysics branch of the Earth Sci- 
ences Division, Office of Navai Research. 
He is shown here greeting Arkady Ko- 
lesnikov, head of the Soviet group. 

The French ship Calypso was another 
of the research vessels that visited New 
York for the congress. The 360-ton con- 
verted mine sweeper carried a crew of 
21 and a three-man scientific team 
headed by Jacques-Yves Cousteau, the 
ship’s commander and director of Mo- 
naco’s Oceanographic Museum. 

In the Calypso’s afterhold was a newly 
developed submarine vehicle, the “div- 
ing saucer,” which was commissioned at 
Marseilles a month ago. This spheroid 
device that will hold two investigators 
was designed to study the Continental 
Shelf at leveis down to 1500 feet. The 
vehicle is water-jet propelled and 
steered, and is balanced by mercury. Its 
jets, mobile nozzles lodged in finlike pro- 
jections, are fed by a battery-operated 
pumping system. The diving saucer will 
be used in exploration for the first time 
in Puerto Rican waters towards the end 
of this month. Two men who helped 
develop the saucer were aboard the 





(Left). Scientists and crew members aboard the Mikhail Lomonosov. (Right) 





Oceanographic ship Mikhail Lomonosov that brought 41 Soviet scientists to the recent 
AAAS-sponsored International Oceanographic Congress at the United Nations. 


Calypso: André Laban, director of the 
French Submarine Research Center at 
Marseilles, and Jean Mollard, submarine 
engineer. 

Every registrant at the International 
Oceanographic Congress received a 67- 
page program and a 1022-page volume 
containing preprints, each in two lan- 


3 





guages, of the 469 papers in the afternoon 
sessions. Additional copies of the pre- 
prints may now be obtained for $7.50 
each from the AAAS Business Office in 
Washington. Later, the AAAS will pub- 
lish the 30 major addresses delivered 
during the morning sessions as part of 
its Symposium series. 


. Arkady G. Kolesnikov, chief of the Soviet group at 


the oceanographic conference, and Gordon Lill, head of the Geophysics Branch, U.S. Office of Naval Research. 
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Space Administration Establishes 


Bioscience Advisory Committee 


A Bioscience Advisory Committee has 
been established by the National Aero- 
nautics and Space Administration. The 
committee will study current United 
States capability in space-orientated life- 
science research and development; out- 
line the scope of present and future 
problem areas in the space bioscience 
field; and then recommend the part 
NASA should play in future bioscience 
activity related to the space program. 

Seymour S. Kety, chief of the Labo- 
ratory of Clinical Science, National In- 
stitute of Mental Health, is chairman 
of the new group, which has the follow- 
ing bioscientist members: Wallace O. 
Fenn, professor of physiology at the 
School of Medicine and Dentistry, Uni- 
versity of Rochester; David R. Goddard, 
director of the division of biology, Uni- 
versity of Pennsylvania; Donald G. Mar- 
quis, professor of psychology at Massa- 
chusetts Institute of Technology; Rob- 
ert S. Morison, director of medical and 
natural sciences, Rockefeller Founda- 
tion; and Cornelius A. Tobias, professor 
of medical physics, University of Cali- 
fornia, Berkeley. Clark T. Randt, NASA 
scientist for space medical research, has 
been appointed executive secretary of 
the committee. 


Union List of Abstracted 


Periodicals 


Among the first projects initiated by 
the newly established National Federa- 
tion of Science Abstracting and Indexing 
Services is the compilation of a union 
list of periodicals covered by the major 
U.S. abstracting and indexing services. 
The planned list will indicate for each 
periodical: title, author (if a series), 
country, language(s), name of service 
providing coverage, and type of coverage 
—that is, complete, partial, or moni- 
tored; abstracts, critical reviews, or in- 
dexes only. 

At present, more than 10,000 scientific 
serials are being received by U.S. li- 
braries. Many of these are abstracted, 
wholly or in part, by several major or 
minor abstracting or indexing services; 
others are probably not being abstracted 
by any service. The preparation of the 
list will enable the abstracting services 
to determine: (i) where duplication of 
coverage exists and whether such dupli- 
cation could or should be avoided; (ii) 
where certain periodicals can be obtained 
by loan, or where photocopies of specific 
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articles can be obtained; and (iii) what 
gaps exist in over-all or specific coverage. 

Made possible by a National Science 
Foundation grant, this initial list is con- 
sidered a first step toward a more com- 
prehensive listing. It will not be formally 
published but will be mimeographed for 
use by abstracting and indexing services 
and other interested groups. Additional 
information may be obtained by com- 
municating with Mr. Raymond A. Jen- 
sen, Executive Secretary, National Fed- 
eration of Science Abstracting and 
Indexing Services, 301 E. Capitol St. 
Washington 3, D.C. 


Senate Committee Approves 


US. Participation in Century 21 


Federal participation in the Century 
21 Exposition in Seattle, Wash., in 1961 
and 1962 won the approval of the Sen- 
ate Foreign Relations Committee in a 
recent vote taken in executive session. 
Senator Warren G. Magnuson (D- 
Wash.) and Senator Henry M. Jackson 
cosponsored the legislation under consid- 
eration. 

The proposed program calls for some 
14 agencies of the federal government 
to exhibit their scientific accomplish- 
ments at the 18-month science, culture, 
and industrial fair, an international 
event that will have the theme “Man in 
Outer Space.” The exposition is being 
sponsored by the city of Seattle and the 
state of Washington, which have so far 
put up some $30 million in building, 
property, and operating funds. 

The House Committee on Science and 
Astronautics already has approved a 
$12.5 million program for federal par- 
ticipation in the exposition. The Senate 
version of the bill provides for “such 
funds as may be necessary.” 


Radar Telescope 


A radar telescope with a parabolic re- 
flector 142 feet in diameter is under 
construction at Stanford University. It 
will be completed in about a year. This 
will be the largest radar telescope in the 
United States and the second largest in 
the world. The transmitter will operate 
in the frequency range from 20 to 60 
megacycles per second; it will be the 
most powerful ever built in this fre- 
quency range. 

The project was announced recently 
by scientists of Stanford University and 
the Stanford Research Institute. It will 
be a joint undertaking by SRI’s Com- 





munication and Propagation Laboratory 
and the university’s Radio Propagation 
Laboratory, with support from the Air 
Force Cambridge Research Center. 

Usually radio telescopes are equipped 
to receive only naturally occurring elec- 
tromagnetic radiation from the cosmos. 
With the high-powered transmitter it 
will be possible to transmit signals to 
nearby planets, such as Venus. This tech- 
nique is becoming increasingly impor- 
tant in studies of the solar system. The 
Stanford group will attempt to obtain 
radar echoes from Mars and from the 
sun itself. This technique is called “ra- 
dar astronomy,” to distinguish it from 
“radio astronomy,” which involves only 
reflection of natural radiation. 

Some of the data the group expects 
to obtain are more accurate measure- 
ments of cosmic distances; data on the 
surface of the moon and planets; the 
rotation speed of Venus; ionization den- 
sity and ion distribution in the sun’s outer 
corona and around various planets; and 
data on the amounts and movements of 
ionized gases and space debris between 
the earth and the moon, and in inter- 
planetary space. 


Emigration of the Intelligentsia 


Among the persons arriving as Soviet 
zone refugees at the emergency transit 
camp of Berlin-Marienfelde (West Ger- 
many) during the first 6 months of this 
year were 455 university professors and 
teachers from various types of schools, 
443 engineers and technicians, and 161 
physicians. The Bonn government’s over- 
seas information paper, The Bulletin, 
said of these refugees: 

“Many of them not only held high, 
well-paid positions but also enjoyed 
other privileges not granted the average 
subject of the Soviet zone régime, since 
this régime hopes by especially good 
treatment to prevent the emigration of 
the intelligentsia. 

“Nevertheless, the tendency to flee 
westward has increased among members 
of the very professions favored by the 
authorities and the Communist Party.” 

The Bulletin stated further that at 
Soviet zone universities many _profes- 
sorial chairs are no longer filled, and at 
hospitals there is a lack of specialists. 
The University at Halle-Wittenberg is 
cited as having lost 77 instructors to the 
West in the period from May 1958 to 
May 1959, and in a year the Dresden 
Medical Academy is said to have lost 10 
percent of its staff, 17 of them special- 
ists or senior staff members. 
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Grants, Fellowships, and Awards 


Conservation. The National Wildlife 
Federation and its state affiliates offer 
a number of scholarships and fellowships 
to qualified individuals working in the 
field of conservation or conservation 
education. Activities included in these 
categories are teacher training; curricu- 
lar problems; conservation workshop 
techniques; textbook development; and 
state programs. An applicant need not 
necessarily be enrolled in an institution 
of higher learning if his project or pro- 
posal has merit. Application blanks and 
further information may be obtained 
from Executive Director, National 
Wildlife Federation, 232 Carroll St., 
NW, Washington 12, D.C. Completed 
application forms must be submitted be- 
fore 1 November. 

General. The National Science Foun- 
dation has announced that approxi- 
mately 1000 Cooperative Graduate Fel- 
lowships will be offered in support of 
graduate study in the sciences, mathe- 
matics, and engineering during 1960-61. 
In this second year of operation of the 
program, applicants may request fellow- 
ship support for study at one of 152 
designated colleges and universities— 
those which are authorized to confer the 
doctoral degree in at least one of the 
sciences. (During the first year of the 
program there were only 115 designated 
institutions—those that had awarded a 
specified minimum number of science 
doctorates.) Applicants should apply 
through the participating institution of 
their choice. 

Tenures of 9 or 12 months are op- 
tional with the recipient. Fellows will 
receive a basic annual stipend of $2200 
from funds provided by NSF and will be 
encouraged to undertake limited teach- 
ing responsibilities. The institutions 
themselves, at their discretion, may sup- 
plement the stipend by as much as $800 
for a fellow on a full year’s tenure or 
$600 for those on the shorter tenure. In 
lieu of tuition and fees, the foundation 
will provide each institution with a pre- 
determined and_ standardized cost-of- 
education allowance on behalf of each 
Cooperative Graduate Fellow. This pro- 
gram, in which the first awards were 
made in March 1959, is supplementary 
to the foundation’s continuing Graduate 
Fellowship Program. 

Application materials may be ob- 
tained from the graduate dean of a par- 
ticipating institution or from the Fellow- 
ships Section, Division of Scientific Per- 
sonnel and Education, National Science 
Foundation, Washington 25, D.C. Appli- 


18 SEPTEMBER 1959 


cations must be submitted to the gradu- 
ate dean of the participating institution 
of the applicant’s choice by 6 Novem- 
ber. 

Tropical medicine. Fellowships in 
tropical medicine and parasitology are 
being offered by the Louisiana State 
University School of Medicine within 
the framework of a training grant from 
the National Institute of Allergy and 
Infectious Diseases. This program is now 
in its fifth year, having been supported 
by the China Medical Board of New 
York, Inc., during its first 3 years. 

These fellowships are available to 
those holding a Ph.D. or M.D. degree 
and to advanced Ph.D. candidates. Pros- 
spective participants must be affiliated 
with an accredited university or college. 
They must have teaching or research 
duties, or both, in some field of medicine 
involving problems pertaining to a trop- 
ical environment. 

Fellows in the program spend 8 weeks 
in either Central America or the Carib- 
bean area. Opportunities are provided 
for collecting specimens for teaching 
purposes. Groups leave New Orleans in 
October, January, April, and July each 
year. 

Fellowships are also available for peri- 
ods of from 3 to 12 months. Such a long- 
term fellowship may be awarded to an 
individual who needs more time for re- 
search training because of special teach- 
ing responsibility in some field of tropi- 
cal medicine. For further information 
and application blanks, write to George 
A. Thurber, Office of the Dean, Louisi- 
ana State University School of Medi- 
cine, 1542 Tulane Ave., New Orleans 
12, La. 


News Briefs 


The House and Senate have approved 
a bill to award a National Medal of 
Science for outstanding contributions in 
physical, biological, mathematical, and 
engineering sciences. In the final version 
of this bill (H.R. 6288), medal winners 
will get no cash awards. The version of 
H.R. 6288 approved by the House Com- 
mittee on Science and Astronautics 
would have awarded each medal winner 
a tax-free stipend of up to $10,000. 

* * * 


The National Cancer Institute has just 
published the first directory of its re- 
search fellows to appear since the fellow- 
ship program was established in 1937. 
The 134-page publication contains a 
brief statement about each of 924 fel- 
lows. It also discusses the history of the 


program, which was the first of its kind 
to be supported by the federal govern- 
ment. A limited number of free copies 
are available from the National Cancer 
Institute’s information officer. Copies 
may also be obtained from the Super- 
intendent of Documents, Government 
Printing Office, Washington 25, D.C. 
* * * 

A 2-week course in nuclear safety will 
be offered by the Atomic Energy Com- 
mission beginning 21 September in Oak 
Ridge, Tenn. The commission is pro- 
viding the course on techniques of han- 
dling fissionable materials because such 
training is not available through es- 
tablished educational organizations and 
because industrial firms actively engaged 
in the expanding nuclear-energy industry 
have requested training in this field for 
their personnel. The course will be lim- 
ited to 100 participants. 

* * * 

A new international scientific organi- 
zation, the American Society of Phar- 
macognosy, was announced last month 
by Edson F. Woodward, temporary 
chairman of the group. The society was 
formed by 150 pharmacognosists attend- 
ing meetings at the University of IlIli- 
nois’ Chicago Professional Colleges. For 
information write to Frank L. Mercer, 
St. Louis College of Pharmacy, St. 
Louis, Mo. 

* + 

The Darwin Centennial Committee 
of the University of California, Santa 
Barbara, has completed plans for a 
series of lectures this fall commemo- 
rating the centennial year of the publi- 
cation of Darwin’s Origin of Species. A 
phase of Darwin’s influence will be dis- 
cussed by each of the following distin- 
guished scholars: John Herman Ran- 
dall, professor of philosophy at Colum- 
bia University; George W. Beadle, Nobel 
laureate and professor of biology and 
chairman of the department at Cali- 
fornia Institute of Technology; Albert 
Hofstadter, professor of history at Co- 
lumbia University; Robert E. Fitch, 
professor of Christian ethics and dean 
of the Pacific School of Religion in 
Berkeley. 

* & 

A volume of lectures by distinguished 
scientists on problems associated with 
manned satellites and space operations, 
which were presented before the staff of 
the Office of Naval Research and repre- 
sentatives of other government agencies 
during 1958, may be obtained for $2.50 
from the Office of Technical Services, 
U.S. Department of Commerce, Wash- 
ington, D.C. 





Scientists in the News 


ALBERT C. SPAULDING, on leave 
of absence from the University of Michi- 
gan where he is associate professor of 
anthropology and curator of archeology 
at the Museum of Anthropology, has 
been appointed program director for an- 
thropology and history and philosophy 
of science, Office of Social Sciences, Na- 
tional Science Foundation, Washington, 
D.C. 


MERRIL EISENBUD, manager of 
the U.S. Atomic Energy Commission’s 
New York Operations Office, has been 
appointed professor of industrial medi- 
cine at New York University Post- 
Graduate School of Medicine. He will 
assume direction of a new laboratory 
concerned with the study. of long-range 
effects of radioactivity on’ man, which 
will be established at the university’s 
medical center. 

ROY E. ALBERT, assistant director 
of the Radioisotope. Laboratory of 
George Washington University Hospi- 
tal, Washington, D.C., and an associate 
of Eisenbud at the Atomic Energy Com- 
mission, has been appointed associate 
professor of industrial medicine at New 
York University Post-Graduate School 
of Medicine. 


CURT P. RICHTER, professor of 
psychobiology at the Johns Hopkins 
Medical School and director of the Psy- 
chobiological Laboratory at the Phipps 
Psychiatric Clinic in Baltimore, Md., 
will deliver the two Thomas William 
Salmon lectures at the New York Aca- 
demy of Medicine on 2 December. His 
subject will be “Biological Clocks in 
Medicine and Psychiatry.” 


Various scientists from the United 
Kingdom are now visiting in \the United 
States, or will arrive shortly. 

S. N. CURLE, senior scientific offi- 
cer, Aerodynamics Division, National 
Physical Laboratory, Teddington, will 
arrive 29 September and deliver a lec- 
ture at the Angld-American Aeronauti- 
cal Conference in New York, 5-9 Octo- 
ber. He will also visit Boston and Provi- 
dence; he will leave the country 10 Oc- 
tober. 

W. H. GLANVILLE, director, Road 
Research Laboratory, Harmondsworth, 
will arrive 9 October and visit Washing- 
ton, D.C., and Chicago. He will leave 
the country 22 October. 

L. C. TYTE, director, Mining Re- 
search Establishment, National Coal 
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Board, London, will arrive 21 September 
to attend the International Conference 
of Directors of Mines Safety Research, 
Pittsburgh, Pa., 28 September—2 Octo- 
ber. He will also visit Washington, D.C. 
(23 and 24 September), Colorado, and 
Ottawa, Canada. He will leave 16 Oc- 
tober. 

R. V. PITT-RIVERS, a member of 
the Medical Research Council’s scien- 
tific staff at the National Institute for 
Medical Research, Mill Hill, London, 
arrived 2 September to spend 6 months 
in the Clinical Endocrinology Branch of 
the National Institute of Arthritis and 
Metabolic Diseases, Bethesda, Md., and 
1 month visiting other centers. She will 
also present a paper at a conference of 
the New York Academy of Sciences on 
“Modern Concepts of Thyroid Physiol- 
ogy,” 5-7 November. 


The following scientists will receive 
honorary degrees on 29 September at 
ceremonies celebrating the centennial of 
the founding of the Northwestern Uni- 
versity Medical School. 

CHARLES BEST, professor of physi- 
ology at the University of Toronto. 

HORACE W. MAGOUN, professor 
of anatomy at the Medical Center of the 
University of California, Los Angeles. 

IRVINE McQUARRIE, director of 
research at the Bruce Lyon Memorial 
Research Laboratory of the Children’s 
Hospital of East Bay, Oakland, Calif. 

JOE VINCENT MEIGS, clinical 
professor of gynecology at Harvard Uni- 
versity. 

I. S. RAVDIN, chairman of the de- 
partment of surgery at the University of 
Pennsylvania. 

WILLIAM S. TILLETT, professor 
of medicine at New York University 
College of Medicine. 

SHIELDS WARREN, professor of 
pathology at Harvard University. 

CONRAD ELVEHJEM, president of 
the University of Wisconsin. 


Scientific visitors from Australia to 
the United States include the following: 

W. R. BLEVIN, research officer ot 
the Division of Physics, Commonwealth 
Scientific and Industrial Research Or- 
ganization, arrived 13 September and 
will leave 13 October. His itinerary in- 
cludes Washington, D.C., Maryland, 
Virginia, New York, Connecticut, Rhode 
Island, Massachusetts, and California, 
and Ottawa, Canada. 

A. J. FARNWORTH, principal re- 
search officer, Division of Textile In- 
dustry, Commonwealth Scientific and 


Industrial Research Organization, will 
arrive 24 September and will visit Cali- 
fornia, New York, New. Jersey, Wash- 
ington, D.C., Delaware, Massachusetts, 
North Carolina, and Louisiana. He will 
leave the country 25 October. 


GEORGE G. OBERFELL, retired 
vice president in charge of research and 
development of the Phillips Petroleum 
Company, Bartlesville, Okla., will re- 
ceive the Walton Clark Medal of the 
Franklin Institute, Philadelphia, Pa., on 
21 October. 


Recent Deaths 


AARON BELL, New York, N.Y; 
57; practicing neuropsychiatrist; psychi- 
atrist of the New York State Depart- 
ment of Mental Hygiene; former direc- 
tor of neuropsychiatry at Lenox Hill 
Hospital; 26 Aug. 

A. HASTINGS FISKE, Woodside, 
Calif.; 65; pharmacist and retired vice 
president of Eli Lilly and Company; 25 
Aug. 

CHARLES FAMA, New York, N.Y.; 
70; specialist in internal medicine; 
former director of Westchester Square 
Hospital; 29 Aug. 

GEORGE E. GIBSON, Richmond, 
Calif.; 74; retired professor of chemistry 
of the University of California, Berkeley; 
specialist in thermodynamics and physi- 
cal chemistry; 26 Aug. 

ISTVAN GYORFFY Székesfehérvar, 
Hungary; 78; bryologist and retired pro- 
fessor of botany of the University of 
Kolozsvar and the University of Szeged; 
editor of Folia Cryptogamica; 16 Apr. 

LEROY A. HOWLAND, Middle- 
town, Conn.; 80; retired in 1947 as dean 
and Fisk professor of mathematics of 
Wesleyan University; had been vice 
president and acting president of the 
university; 26 Aug. 

ARTHUR F. TAGGART, Scarsdale, 
N.Y.; 74; Vinton professor emeritus of 
mining at Columbia University; author 
of Handbook of Ore Dressing and Man- 
ual of Flotation Processes; 22 Aug. 

HAROLD S. VANCE, Washington, 
D.C.; 69; Atomic Energy Commission 
member since 1955; former chairman of 
the executive committee of the Stude- 
baker Packard Corporation; 31 Aug. 

STEPHEN N. WYCKOFF, Berkeley, 
Calif.; 68; retired forest scientist of the 
U.S. Forest Service; executive vice presi- 
dent and one of the founders of the For- 
est Genetics Research Foundation; 1 
Sept. 
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Book Reviews 


The Astronomer’s Universe. Bart J. Bok. 
Melbourne University Press, Mel- 
bourne; Cambridge University Press, 
New York, 1958. xi+ 107 pp. Illus. + 
plates. $3.75. 


This book is based on four lectures 
on modern astronomy given by Bart J. 
Bok at the Australian National Univer- 
sity in October 1957 and repeated at the 
School of Physics of the University of 
Sydney in January 1958. The lectures 
were on an elementary level and were 
descriptive in nature. The book is in- 
tended for readers with little previous 
knowledge of astronomy. 

Bok covers four topics: (i) The solar 
system, (ii) The stars as individuals, 
(iii) The Milky Way galaxy as a stellar 
system, and (iv) The ages and evolu- 
tion of the stars. 

Without question, astronomy is today 
passing through a renaissance. As Bok 
states in his opening sentence, “Astron- 
omy is on the move.” This is due mainly 
to new instrumentation and to the be- 
ginnings of a theory of stellar evolution 
which permits the ordering of many of 
the observational facts of stellar systems. 

Developments since 1946 have lent an 
excitement to astronomy which is basi- 
cally different from and far removed 
from spectacular rocket technology and 
possible space travel. Present-day astron- 
omy at last seems to be reaching toward 
an understanding of the formation and 
evolutionary processes of the universe as 
a whole. Astronomers seem tobe on the 
verge of learning something fundamen- 
tal about form, order, and change in the 
world at large. This is a quest for some- 
thing far greater than mere technolog- 
ical achievement, which, unfortunately, 
is the aim and end result of much of 
the current waste of talent and money 
in the name of space research. It is a 
quest for real understanding of the na- 
ture of things. Astronomers, using large 
telescopes on the ground, have already 
begun to understand the processes of 
star formation, the subsequent history of 
stars as they live out their fuel supply, 
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the formation of the chemical elements, 
and the connected history of galaxies 
made up of evolving stars. 

It seems to me that any popular book 
on astronomy must carry part of this 
story to its readers. A generation ago 
the minds of the young people who be- 
came our present-day astronomers were 
stirred by the popular books of Jeans 
and Eddington, such as The Mysterious 
Universe, The Nature of the Physical 
World, The Expanding Universe, and 
Stars and Atoms. Unfortunately, no new 
books of equal caliber are available even 
though our knowledge of astronomy is 
much greater today than it was 20 years 
ago. Currently there is much popular 
writing aimed at awakening the imagi- 
nation to the glamor of space-flight tech- 
nology. But this is not astronomy. Un- 
less basic astronomy is shown to be as 
exciting as artificial satellites, the young 
people who are our potential scientists 
will grow up with a desire to light wicks 
under rockets. rather than to operate 
200-inch telescopes. 

Although Bok, widely known as one 
of the most versatile and stimulating 
teachers of astronomy, has shown his 
ability as an author in his previous book 
The Milky Way (written with his wife), 
his present book falls short. It bears the 
marks of hasty composition and careless- 
ness with regard to details. It leaves a 
final impression of being principally a 
collection of facts, often thrown together 
without underlying direction. Facts in 
popular writing must be ordered if they 
are to tell a story. The “plot” seems to 
be missing. The facts, in themselves, are 
sometimes interesting, and indeed they 
are of the sort necessary for a modern 
synthesis of the universe. But the syn- 
thesis is not made. 

The first section of the book deals 
with the atmospheres of the planets, the 
origin of the solar system, and the na- 
ture of the solar atmosphere. A descrip- 
tion of the chemical constitution and 
temperatures of planetary atmospheres 
is given and the widely accepted con- 
clusion is reached that no other planet 


in the solar system is suitable for human 
life. The theories of the origin of the sun 
and the solar system are traced from 
Laplace’s nebular hypothesis, through 
the collision theory of Chamberlain and 
Moulton, to the revised nebular hypothe- 
sis of Von Weizsacker. 

The second chapter, “Stars as indi- 
viduals,” describes distance determina- 
tions, the H-R diagram, binary stars, 
mass determinations, variable stars and 
novae, and finally defines the two popu- 
lation types of stars. This chapter and 
the fourth chapter show signs of hasty 
preparation. In a popular book one cer- 
tainly cannot insist on precise state- 
ments, but correct statements can be ex- 
pected. For example, Figure 1 on page 
27 implies that subdwarfs are popula- 
tion I stars, but there is strong evidence 
that they are halo objects of population 
II. Bok also repeats the modern trend 
that ignores the early Mount Wilson 
work on spectroscopic parallaxes upon 
which all the subsequent work in this 
field has been based. He states that “the 
techniques of spectral-luminosity classi- 
fication have been developed especially 
by Lindblad and his students in Sweden, 
by Morgan and associates in America, 
and by Chalonge and his group in 
Paris.” All this is true, but the original 
discovery of the method and the basis 
upon which Lindblad and Morgan have 
built was entirely a Mount Wilson proj- 
ect carried out by Adams and Joy. And 
in another section the statement is made 
that “the origin of stellar variability 
must be sought in the deep interior of 
the star and the basic cause of the vari- 
ability lies probably in some imperfect 
balance of the energy generating proc- 
esses in the star’s interior.” This view is 
not held by most astrophysicists. Rather, 
all evidence seems to point to a surface 
instability of the ionization zone of some 
critical element as the cause of stellar 
variability. 

The third chapter on the Milky Way 
system is perhaps the best written of the 
four. Radio astronomy and the 21-centi- 
meter line of hydrogen are described in 
some detail. The interstellar gas and 
dust and the current data on the spiral 
structure of the galaxy are discussed. 
Here Bok is in his element and the 
chapter is good. 

The fourth and final chapter tells of 
the newest and, perhaps, most impor- 
tant current trend in astronomical re- 
search—the expanding universe, the cos- 
mic time scale, and stellar evolution. 
Again several points are reported in this 
chapter which professional astronomers 
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would like to see more fully explained. 
For example, the discussion of the cos- 
mic time scale, does not mention the 
fact that a world model must be as- 
sumed before an age can be assigned to 
the expanding universe from our knowl- 
edge of the present expansion rate. Fur- 
thermore, the most important method of 
dating stars in our galaxy—the use of 
H-R diagrams of galactic clusters—is 
not mentioned. Also, Figure 6 on page 
87, which shows the evolution of stars of 
solar mass, is somewhat misleading be- 
cause stars of 1.2 masses are very prob- 
ably not operating on the carbon cycle 
as shown, but rather generate energy by 
the proton-proton chain. For this rea- 
son, it is quite likely that these stars do 
not have a convective core. If a con- 
vective core were present the character- 
istic Hertzsprung gap would occur in the 
diagram. Its absence is a notable feature 
of the H-R diagram for globular clus- 
ters. Finally, it is nowhere mentioned 
that the track shown in Figure 6 is for a 
star with very low metal abundance such 
as the stars in globular clusters. Stars 
with a normal chemical composition 
(like the sun) will have evolutionary 
tracks which differ greatly from the 
track shown. 

Bok’s book, although not as detailed 
or as carefully written as many profes- 
sional astronomers might wish, should 
appeal to the lay reader, especially if 
it is used in conjunction with more 
comprehensive books such as The Milky 
Way (Bok and Bok) or the other works 
listed in the extensive bibliography at 
the end of The Astronomers Universe. 

ALLAN SANDAGE 
Mount Wilson and Palomar Observa- 
tories, Carnegie Institution of Wash- 
ington, and California Institute of 
Technology 


The Population Ahead. Roy G. Francis, 
Ed. University of Minnesota Press, 
Minneapolis, 1958. x+ 160 pp. $3.75. 


“Man knows more than he thinks he 
does,” says Roy Francis, the editor of 
this symposium volume. Unfortunately, 
it is often difficult to apply what is 
known to some of the acute social and 
economic problems confronting the mod- 
ern world, because a good deal of the 
existing store of knowledge is not really 
in the public domain. Though not under 
security wraps, it is virtually inaccessible 
because it is presented in the strange 
jargons of scientific specialization. It 
may be food for pedantic thought, but 
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it is not “Gerberized” to titillate the in- 
tellectual palate of the layman. Francis’ 
solution for this problem is “the desegre- 
gation of knowledge.” Such a term, to 
be sure, is not now current: “in today’s 
lexicon one ‘segregates’ on the basis of 
skin color, not of academic hue.” The 
segregation of ideas, by preventing 
knowledge from being an_ effective 
power for reform or reorientation, can 
be devastating in its effects. 

An area gravely befogged by segre- 
gated knowledge is that of population 
dvnamics. The human race is in the 
midst of an explosion of people the like 
of which has never occurred before. The 
rate of this explosive increase—1.5 per- 
cent a year—would not impress a finan- 
cier. Yet it means that when next week’s 
edition of Science is distributed, there 


_ will be nearly a million more human be- 


ings on this earth than there are today. 
In the book under review, P. K. Whelp- 
ton notes that if the one-ihird of a bil- 
lion human beings presumed to have 
been living at the time of Christ had 
increased since that time at a mere 1.5 
percent a year, the present population 
of the planet would be more than a mil- 
lion persons per square foot of the earth’s 
land surface. Clearly, this far outdoes 
the mediaeval concern over balancing 
angels on the head of a pin. 

The Population Ahead is a laudable 
attempt to desegregate knowledge re- 
garding the population question, which 
is now cooped up behind the conceptual 
curtain raised by social scientists, econo- 
mists, nutritionists, demographers, geog- 
raphers, and anthropologists. In 1957, 
the University of Minnesota’s Center for 
Continuation Study (a sort of perpetual 
idea-desegregating apparatus that ranges 
widely over many domains of knowl- 
edge) brought together a panel of ex- 
perts and begged them to talk in plain 
English to each other and to a partici- 
pating audience of several hundred. The 
result was by no means an intellectual 
Little Rock. Everybody was eager to live 
and let live, and there was a very free 
exchange of ideas, but some of the audi- 
ence may have been on the verge of con- 
ceptual anoxemia. The wide range of 
views presented does throw considerable 
light on the population problems, even 
though the focus is not always sharp. 

The question which stood out as the 
theme of the conference was, “What 
constitutes an optimum population?” 
Though opinions vary greatly, this is a 
question which deserves far more thought 
than it is now getting. Even in most for- 
tunate America, it is by no means an 
academic question. The idea is abroad 





that by 1975 two-thirds of the popula- 
tion of the United States (perhaps 235 
million) will be living in the 165 to 170 
standard metropolitan areas, and that 
this will necessarily be a good thing. 
Well, will it be or not? Is there a more 
favorable distribution of people, and 
what might be done to bring about such 
a distribution in a free society? These 
are the questions that are not asked, per- 
haps because nobody wants to look 
straight at them. 

One thing is certain: population is 
definitely everybody’s business, and the 
most complete desegregation of knowl- 
edge is necessary if what man knows 
about this subject is to be put to work 
short of disaster. If the population ex- 
plosion continues at the present rate, 
something will have to give. And some 
of the things which will inevitably give, 
and before very long—in the United 
States as well as everywhere else—are 
the level of living and freedom of 
thought and action and initiative. Ancel 
Keys is sure that the earth can provide 
a survival diet for a good many billion 
people. Before we test that conclusion 
let us try to reach some decisions re- 
garding the kind of planet we want to 
live on. 

The varied ideas of nine experts, plus 
the supporting commentary by a some- 
what larger chorus, that make up this 
symposium volume hardly give a micro- 
scopically clear image of the problem. 
But the book contains more than a 
K-ration of food for thought. 

Rosert C. Cook 
Population Reference Bureau, 
Washington, D.C. 


The Earth beneath the Sea. Francis P. 
Shepard. Johns Hopkins Press, Balti- 
more, 1959. xii+ 275 pp. Illus. $5. 


Francis Shepard’s newest book deals 
with the vast area, three-fifths of the 
earth’s surface, which lies under the sea. 
He writes in a simple, direct style which 
requires no specialized vocabulary from 
the reader, yet he covers salient aspects 
of all of the basic geologic problems one 
encounters beneath the sea. Laymen will 
find this book well worth reading. In it 
they will find discussion of many things 
which are readily observable near the 
sea—coastal erosion and engineering, 
currents, waves, and coral reefs. The 
more exotic phenomena, such as sub- 
marine mountains and canyons, are 
treated in an equally readable manner. 

Scientists active in marine research 
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will enjoy the pungent restatement of 
problems and will appreciate Shepard’s 
treatment, based on long familiarity with 
marine science. The point of view is 
stimulating and provocative in many 
places—for example, in the discussion of 
the effects of turbidity currents, the 
origin of continental shelves, and the 
origin of submarine canyons. Students 
interested in geology or marine science 
should read this book carefully for here, 
in one small volume, are many of the 
ideas of one of the pioneers and leaders 
in the field. The book is not a textbook 
and does not attempt to outline all points 
of view on specific subjects; yet there is 
adequate documentation of the views 
presented. 

Shepard is professor of submarine ge- 
ology at Scripps Institution of Ocean- 
ography, University of California. He 
was one of the first Americans to study 
marine geology. From the first days of 
his study of marine science, 35 years ago, 
he has always been an active field inves- 
tigator, going out on ships and making 
studies on the beaches. His book is par- 
ticularly timely in this era when the 
American people have suddenly become 
aware of oceanography as something of 
crucial importance to national safety 
and welfare. 

Joun M. ZEIGLER 
Woods Hole Oceanographic Institution, 
Woods Hole, Massachusetts 


Primitive Peoples Today. Edward 
Weyer, Jr. Doubleday, Garden City, 
N.Y., 1959. 288 pp. Illus. $10. 


Shortly after the mailman brought my 
review copy of Primitive Peoples Today, 
our 16-year-old baby sitter (for grand- 
children) appropriated it. “I could un- 
derstand every word of it,” she said. “It 
should be in every high school in Amer- 
ica.” Later on I read it, and I am not 
sure that it will be in every high school. 
Weyer has not hesitated to discuss forms 
of human behavior rarely mentioned in 
high schools, except in the washroom. 
But I may be wrong, for I have not been 
to high school for 40 years, and things 
may have changed. 

Edward Weyer, Jr., has been on 
archeological and ethnographic field trips 
in Egypt, in the arctic, and in Mato 
Grosso, Brazil. He has been a profes- 
sional photographer and president of the 
Explorers’ Club. He was editor of Nat- 
ural History for 22 years, during which 
time his magazine contained few arti- 
cles incomprehensible to a 16-year-old, 
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though it did contain some magnificent 
pictures. The success of Primitive Peo- 
ples Today should surprise no one fa- 
miliar with the details of Weyer’s career. 

For some years jumbo books, printed 
in Switzerland, have been appearing, full 
of illustrations, particularly in color, but 
they have dealt primarily with zoology 
and have borne names such as Bourliére 
and Sanderson on the title page. Now 
Weyer has carried this format into an- 
thropology. In appearance, his book com- 
pares favorably with the lion and baboon 
atlases. 

Weyer begins with a short introduc- 
tion, called “The world of primitive 
man,” in which he first defines the ob- 
jective anthropological viewpoint, with 
its sliding scale of moral values, and 
then develops an essentially Boasite atti- 
tude toward culture, in which attempts 
to establish levels of complexity are dis- 
couraged. He then discusses the races of 
man from the same point of view, favor- 
ing nurture over nature as a cause of 
differences in achievement. Blood groups 
and other hereditary traits are discussed 
in simple language. He produces the old 
saw that “between 90 and 99 percent 
of the approximately 44,000 pairs of 
genes in each individual are shared by 
all other groups of men,” without saying 
how many may be shared with apes 
(which have the same chromosome count 
that we do), or even with frogs. Again, 
he says, “a child will look like an Eskimo 
or Zulu depending entirely on whether 
he is born one, [but] he will grow up act- 
ing like an Eskimo or a Zulu depending 
on the culture in which he is raised.” 
This is standard Boasism, which bypasses 
many issues. No Eskimos have been fos- 
tered by Zulus, or vice versa. 

We move on to a series of cultural vig- 
nettes of the Eskimos, Aleuts, Navahos, 
Lacandones, San Blas Indians, Jivaros, 
Camayurds, Lapps, Ovimbundu, Bush- 
men, Ainus, Lolos, Aruntas, and Samo- 
ans, to each of which about six large 
pages are devoted. In ten instances these 
vignettes are illustrated by photographs 
of the tribe under discussion. There are 
no illustrations of the Aleuts, Ovim- 
bundu, Lolos, and Aruntas. Instead we 
are shown pictures of 40-odd other 
peoples. 

The vignettes are arranged geograph- 
ically, without regard to race or cultural 
connection, and the pictures follow this 
same pattern. In each vignette a striking 
feature of the particular culture is em- 
phasized, and often a personal-narrative 
technique is used. The style is lively, and 
the people are made to seem alive. 

The splendid pictures are reproduced 


on pages 81 by 11 inches, and some are 
run across two pages. They were taken 
by 40 different photographers, of whom 
many are professionals, such as Fritz 
Goro, Alfred Eisenstaedt, and Eliot 
Elisofon. Both the black-and-white and 
the color reproduction are superb. The 
selection is also excellent in that few 
of the photographs are static and nearly 
all show people doing things that are of 
interest to anthropologists. Even the 
posed shots of the Ainu “chief” Miya- 
moto and his group (who have their 
pictures taken every day) are convinc- 
ing to those who do not know him. A 
few illustrations are miscaptioned—for 
example, number 83, “Tuareg men eat- 
ing on the desert trail near the Hoggar 
Mountains. One man has lowered his 
veil. Popular accounts have overstressed 
the importance of the veil among Tuareg 
men. .. .” The man with the lowered 
veil is no Tuareg, but a slave. The im- 
portance of the veil has not been over- 
stressed. 
- It is hard to figure out exactly what 
audience this book is intended for. Too 
spicy, perhaps, for high schools, it is too 
naive for most anthropologists. How- 
ever, there is a vast public in this space 
age which thinks the world is as homog- 
enized as their breakfast milk, that 
everyone who lives in Russia is a Rus- 
sian, and that all Africans are Negroes. 
As painlessly absorbed as a magazine in 
a barber shop, Primitive Peoples Today 
can show these folk how wrong they are. 
In this conquest of complacency I wish 
it luck. 

Carteton S. Coon 
University Museum, 
University of Pennsylvania 


Vegetation of the Outer Banks of North 
Carolina, Clair A. Brown. Louisiana 
State University Press, Baton Rouge, 
1959. x +179 pp. Illus. $3. 


Vegetation of the Outer Banks of 
North Carolina is the result of a recon- 
naissance of the area to study the effec- 
tiveness of the sand-stabilization projects 
of the 1930’s and to secure information 
on other sand-binding plants in the na- 
tive vegetation. A botanical study was 
also made. 

On the outer banks, sand fencing has 
been effective in establishing barrier 
dunes. American beach grass, sea oats, 
salt meadow cord grass, and Bermuda 
grass are the important grass binders. 
Paspalum vaginatum seems to offer the 
greatest possibilities among binders not 
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previously used. The woody species were 
not as effective as the grasses as sand 
binders. 

The dunes (wooded and grass-cov- 
ered), sand flats, and salt marshes are 
described. A list of the vascular species 
observed is included. The highlights of 
the report are the 50 illustrations, each 
4 by 6 inches; the geographical and his- 
torical account is adequate, and there is 
a fairly complete bibliography pertain- 
ing to the vegetation of the area. 

As a preliminary survey of the vege- 
tation and as a report on sand-stabiliza- 
tion practices, the book is excellent. The 
title, however, is misleading in that the 
listing of 273 species, when there is a 
possibility that 400 species occur in the 
area, gives an inadequate picture of the 
vascular vegetation. The records at the 
University of North Carolina indicate a 
flora of at least 850 species. The author 
indicates (page 87) that “there are 
many phases of Plant Geography, and 
Ecology which remain to be unravelled 
by detailed studies of this interesting 
area” from a plant-community stand- 
point. 

The figures, history, and geography 
should make this book of interest to tour- 
ists visiting the Cape Hatteras National 
Seashore Project, but as a scientific pres- 
entation, this is a preliminary study only. 

ALBERT E. Raprorp 
Department of Botany, 
University of North Carolina 


Progress in the Chemistry of Organic 
Natural Products. vol. 16. L. Zech- 
meister, Ed. Springer, Vienna, Aus- 
tria, 1958. 226 pp. Illus. $9.50. 


In the past this useful series of re- 
views has been noted for the wide va- 
riety of fields it has covered. Almost 
every conceivable technique or approach 
capable of yielding information regard- 
ing the structure of natural products, 
how they are made in nature, and their 
probable function has been touched 
upon in some way. Since each volume 
is a collection of relatively short re- 
views, there is little space for develop- 
ing the subjects in such a way that any- 
one who is not a specialist in the par- 
ticular field and even in the particular 
techniques used can always fully appre- 
ciate them. Perhaps this is inevitable, 
and the reader should at least be thank- 
ful that most of the more recent litera- 
ture is given in the bibliography, which 
will serve as a starting point for a more 
penetrating study. Two of the reviews 
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in particular in volume 16 appear to fall 
in this category—namely, the third and 
the fifth. 

The first review, 25 pages in length 
and written in German by Von Karl 
Freudenberg and Klaus Weinges, covers 
a class of naturally occurring phenolic 
substances—the catechuic acids, hydroxy- 
flavanes, and hydroxyflavenes—usually 
treated as part of a wider field of plant 
dyes and intermediates. As a class they 
merit treatment in this way. 

The second review (62 pages), by 
Karel Wiesner and Zdenek Valenta, on 
the chemistry of the aconite-garrya alka- 
loids, is an exceptionally timely and in- 
teresting one, because much light has 
been thrown on this complicated group 
of natural products in recent years by 
the newer experimental methods such as 
infrared and x-ray analysis. For rela- 
tively small molecules of diterpenoid 
nature they are amazingly complicated. 
As the authors point out, a solid basis 
for the more recent structural conclu- 
sions was made mostly by W. A. Jacobs 
and his collaborators, working along 
classical lines of organic chemistry. It is 
only to be expected that the more re- 
cent work, with the greatly improved 
tools for interpreting chemical transfor- 
mations, would make possible a more 
enlightened choice of key members of 
such a large group, but it would still be 
patterned after the original truly pio- 
neering work. Some of the structures 
proposed will form the basis for deriv- 
ing still more complicated structures in 
this field, while others already seem to 
be of doubtful validity on the basis of 
present information. 

The third review, ably written by 
E. E. von Tamelen, suffers from the fact 
that it attempts to cover too large a field 
in too short a space. In 24 pages the 
structures of 24 different types of anti- 
biotics are treated. Even though all are 
produced by the actinomycetes group 
of microorganisms, they range widely 
in structure from highly unsaturated 
straight-chain fatty acids to complex 
cyclic polypeptides containing ten amino 
acids and a heterocyclic nucleus. Since 
much space is occupied by the accepted 
structural formulas little is left for discus- 
sion of the unique structural features 
particularly characteristic of these com- 
pounds. To be sure, many of them are 
mentioned but, in my opinion, not with 
sufficient discussion for such a ‘truly fas- 
cinating field. Does the fact that we 
now have so many new and different 
structures to consider mean that we are 
content to know but little of each one? 
Unlike the fields covered in the first two 





reviews, all of the substances considered 
have been isolated very recently. 

The fourth chapter, by James Bonner, 
covers a field, “Protein synthesis in 
plants,’ which is developing so rapidly 
at the present time that workers not ‘in 
the field will surely welcome this short 
review (29 pages) as a means of trying 
to keep informed. Protein synthesis is 
certainly one of the most important areas 
of biochemical research today. This is 
true in spite of the fact that we are still 
sadly lacking in knowledge of the de- 
tailed structure of proteins and know 
only the rougher outlines with regard to 
the structure of the nucleic acids. Since 
the interdependence of the two classes 
is now well established, an understand- 
ing of both on a molecular level must 
be achieved. 

The final chapter, by Hans Kuhn, 
deals with the “Electron gas theory of 
the color of natural and artificial dyes: 
problems and principles.” The first 
third of the review deals with experi- 
mental facts concerning color and 
structure. This will be of interest to 
organic chemists working in the field 
of natural products, but it is doubt- 
ful that many will have the background 
or even the inclination to become suffi- 
ciently well versed in quantum mechan- 
ics to properly understand the whole 
treatise. Even though an ultimate and 
complete understanding of the structure 
of an organic compound does require an 
understanding of the structure of each 
atom, it is seldom practical to try to 
treat all of such a mass of information 
in one short article. 

Volume 16 of Progress in the Chemis- 
try of Organic Natural Products is a 
worth-while addition to any chemical 
library. 

Lyman C. Craic 
Rockefeller Institute 


Manual of Insect Morphology. E. Mel- 
ville DuPorte. Reinhold, New York; 
Chapman and Hall, London, 1959. 
xi+ 224 pp. Illus. $5. 


The appearance of a manual of in- 
sect morphology written by Melville 
DuPorte, an authority in the field, is an 
event of the first importance. The ar- 
rangement of the book is original and 
practical, from the viewpoint of the 
teacher. The idea of beginning each sec- 
tion with general considerations (which 
in the strict meaning of the term mor- 
phology is the morphological part of the 
book; the rest being straight anatomy) 
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is a good one. In starting with the abdo- 
men of the insect, which is the easiest 
part to demonstrate and explain to the 
beginning student, and in taking up the 
more difficult and complicated parts— 
the thorax and the head—later, DuPorte 
gives evidence of long experience as a 
teacher. 

In the introduction DuPorte empha- 
sizes that he is especially interested in 
the evolution of insects. Even though he 
does start with generalized forms and 
moves on to more complex ones, this 
important phase of the subject seems to 
be played down. 

Undoubtedly DuPorte covers these 
points completely in his lectures and in 
the laboratory. Apparently, in his cau- 
tious conservatism, he considers such 
material to be out of place in a labora- 
tory manual for undergraduates. I hope 
that sometime in the future he will ex- 
pand this phase of his work, thus pro- 
viding in his published work the stimu- 
lus which a scholar such as he is capable 
of giving. 

F. H. Butt 
Department of Entomolgy, 
Cornell University 


Anatomy of the Human Body. R. D. 
Lockhart, G. F. Hamilton, F. W. Fyfe. 
Lippincott, Philadelphia, Pa., 1959. 
ix + 695 pp. Illus. $13.50. 


The drastic reduction which has been 
made in the amount of time allotted to 
the teaching of gross anatomy in the cur- 
ricula of many medical schools in this 
country has probably been a factor in 
encouraging both authors and publishers 
to bring out textbooks for such courses 
which, though considerably more com- 
prehensive than those designed for non- 
medical students, are still somewhat 
briefer than the traditional Gray, Mor- 
ris, or Cunningham. 

This volume by Lockhart, Hamilton, 
and Fyfe represents the most recent of 
these attempts to “lighten the burden of 
the student of anatomy,” as these au- 
thors define their objective in the first 
sentence of their preface. It contains 697 
pages, as compared with the 1500 to 
1700 pages of the larger textbooks of 
gross anatomy. The reduction in the 
amount of text, however, cannot be 
gauged accurately by this comparison, 
because the use of a somewhat smaller 
type and of two 3-inch columns per page 
effects a considerable saving in space. As 
a result, a full page in this volume con- 
tains about one-third more words than 
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an average page in one of the larger 
textbooks of anatomy. Since, however, 
there are more than 125 full-page illus- 
trations in addition to at least twice that 
number of part-page illustrations of one- 
half page or more, it is obvious that the 
authors have achieved a very great re- 
duction in the amount of text material. 
The illustrations (approximately 950 in 
number and most of them in color) are, 
in general, excellent, and their quantity 
and scope are such that the volume 
would serve most students quite satis- 
factorily both as an atlas and as a text. 

The section on the nervous system de- 
serves special comment, because of the 
unique way in which the text and the 
related illustrations are combined. Many 
of the illustrations are printed on the 
same page as that part of the text which 
pertains to them; indeed, the pertinent 
text is, in some instances, arranged in 
irregular columns which conform to the 
available space between adjacent illus- 
trations. The names of key structures in 
the text are set in bold-faced type and 
are connected directly by lines to those 
parts of the illustration in which the 
structures are pictured. Thus, verbal de- 
scription and pictorial representation are 
brought together in a manner which 
should be very helpful to the reader. 

I am quite aware that it takes rather 
less wit to pick a few flaws in someone 
else’s work than it does to create some- 
thing half so meritorious. I hope, how- 
ever, that at least the first two of the fol- 
lowing three minor criticisms will be 
considered constructive ones, as I intend 
them to be. 

On pages 142 and 143, the authors 
present a series of outline drawings 
showing, among other features, the posi- 
tion, age at first appearance, and age at 
fusion of various secondary centers of 
ossification. The ages given for some of 
these—those for the centers of the hand, 
for example—are not correct. Adequate 
data on the age at which these skeletal 
changes occur are now available from a 
number of radiographic studies of nor- 
mal living children in Europe and in this 
country. The authors may wish to con- 
sult these data when they prepare the 
next edition of their book. The relative 
skeletal precocity of girls as compared 
with boys would seem, also, to deserve 
some mention in this connection. 

On page 183, in the description of 
the rectus abdominis, the authors define 
the linea semilunaris as delimiting. the 
lateral, convex margin of that muscle. 
Spieghel originally applied the term 
linea semilunaris to the line of approxi- 
mately half-moon shape which marks 


the border between the muscle fibers 
and the aponeurosis of the tranversus 
abdominis muscle. The linea semilun- 
aris, as thus defined, is for the most part 
situated lateral to the lateral border of 
the rectus abdominis muscle. This is, ad- 
mittedly, a minor point and one which 
would not be worth mentioning if one 
were not commenting on a book in which 
such a generally high degree of termino- 
logical accuracy has been achieved. 

One of the authors’ expressed inten- 
tions in writing this book was to elimi- 
nate “such obvious statements as ‘the 
skin covers the body’” and “to modify 
the rigid formula for relations known to 
produce such answers as ‘the mouth is 
situated on the face and its anterior as- 
pect externally communicates with the 
atmosphere.’ ” They have succeeded ad- 
mirably in fulfilling this intention, but, 
in at least one instance, they seem to 
have slipped. On page 342, in dis- 
cussing the nerves to the bladder, we 
find this little gem: “disturbance of mic- 
turition (evacuation of the bladder) is 
of great practical importance.” It is re- 
assuring, in these troubled days, to en- 
counter at least one statement upon 
which there would be unquestioned 
international agreement—even among 
anatomists! 

The present volume gives evidence of 
much sound scholarship, a_ great 
amount of labor, and considerable in- 
genuity in devising methods of increas- 
ing the effectiveness of illustrations as 
teaching aids. The book’s obvious merits 
will commend it to medical students, to 
teachers, and to all others who have oc- 
casion to use it. 

WituraM WA TER GREULICH 
Department of Anatomy, 
Stanford University School of Medicine 


Applications of Finite Groups. J. S. Lo- 
mont. Academic Press, New York, 
1959. xi+346 pp. Illus. $i1. 


It has been a matter of pride with 
most physicists to announce that they 
do not use group theory to obtain their 
results. Actually, what they do is to re- 
place an organized, logical, and general 
method by rudimentary “common-sense” 
methods. 

The avoidance of group theory has led 
to many misleading statements in our 
textbooks. For example, in most books 
on quantum mechanics the author starts 
from the commutation relation for p; 
and q, and derives the commutation re- 
lations for orbital angular momentum. 
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Then he “generalizes” these to any an- 
gular momentum. Actually, the commu- 
tation relations for the total angular 
momentum of a system are a conse- 
quence of the assumption of isotropy of 
space. 

For problems with complicated sym- 
metry properties (molecular vibrations, 
crystalline fields, nuclear models), the 
power of the group-theoretical methods 
has been recognized, and _ physicists 
working in these fields have been forced 
to learn the requisite mathematics. 

The use of invariance principles to 
determine the possible types of elemen- 
tary systems has only recently become 
familiar to physicists. E. P. Wigner, in 
particular, has stressed this approach to 
fundamental problems. The study of 
relativistically invariant systems should 
be based on the properties of the rep- 
resentations of the Lorentz group, and 
not on a particular differential equation. 

Lomont’s book is an encyclopedia of 
theorems concerning finite groups, plus 
sections enumerating results for the 
three-dimensional rotation group and the 
Lorentz group. Very few theorems are 
proved. The reader who is already fa- 
miliar with group theory will find many 
remarkable results quoted, so that the 
book serves as a valuable guide for find- 
ing out what problems have been solved. 
In this respect the value of the book 
would have been greatly increased had 
the source of specific theorems been in- 
dicated. 

Applications of group theory to mo- 
lecular vibrations, perturbation theory, 
atomic structure, and crystal lattices are 
given. In most cases, the concise presen- 
tation would make excessive demands on 
a reader coming upon the subject for the 
first time. 

Morton HAMERMESH 
Argonne National Laboratory, 
Lemont, Illinois 


New Books 


Absorption and Dispersion of Ultra- 
sonic Waves. Karl F. Herzfeld and Theo- 
dore A. Litovitz. Academic Press, New 
York, 1959. 553 pp. $14.50. 

The Human Integument. Normal and 
abnormal. A symposium. Publ. No. 54. 
Stephen Rothman, Ed. AAAS, Washing- 
ton, D.C., 1959. 270 pp. 

Medical Sciences. vol. 2. J. C. Bugher, 
J. Coursaget, J. F. Loutit, Eds. Pergamon, 
New York, 1959. 296 pp. $15. Some of 
the papers relating to medical sciences 
from the Second International Confer- 
ence on the Peaceful Uses of Atomic 
Energy (1958) are published in this 
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volume. In his preface Bugher states that 
the editors have attempted to make the 
volume representative of the content of 
the conference. An appendix gives details 
of the medical sessions. 

Molecules and Mental Health. Frederic 
A. Gibbs, Ed. Published for the Brain Re- 
search Foundation by Lippincott, Phila- 
delphia, Pa., 1959. 201 pp. $4.75. 

Pathology of Tumours of the Nervous 
System. Dorothy S. Russell and L. J. 
Rubinstein. Arnold, London, 1959. 324 
pp. $13.50. 

Physics, an Exact Science. Harvey E. 
White and Eugene F. Peckman. Van 
Nostrand, Princeton, N.J., 1959. 518 pp. 
$5.96. 

Physiology of Prematurity. Transactions 
of the third conference. Jonathan T. Lan- 
man, Ed. Josiah Macy, Jr. Foundation, 
New York, 1959. 157 pp. $3. 

The Population of the United States. 
Donald J. Bogue. With a chapter on “Fer- 
tility’ by Wilson H. Grabill. Free Press, 
Glencoe, Ill., 1959. 892 pp. $17.50. 

Poisonous Amphibians and Repftiles. 
Recognition and bite treatment. Floyd 
Boys and Hobart M. Smith. Thomas, 
Springfield, Ill. 1959. 162 pp. $4.75. 

Principles of Geology. James Gilluly, 
A. CG. Waters, A. O. Woodford. Freeman, 
San Francisco, Calif., ed. 2, 1959. 544 
pp. $7.50. 

Pueblo de Arroyo Chaco Canyon, New 
Mexico. Misc. Collections vol. 138, No. 1. 
Neil M. Judd. Smithsonian Institution, 
Washington, D.C., 1959. 230 pp. 

Radar Meteorology. Louis J. Battan. 
Univ. of Chicago Press, Chicago, IIl., 
1959. 172 pp. $6. 

Radioisotopes for Industry. Robert S. 
Rochlin and Warner W. Schultz. Rein- 
hold, New York; Chapman & Hall, Lon- 
don, 1959. 200 pp. $4.75. 

Ramification Theoretic Methods in Al- 
gebraic Geometry. Shreeram Abhyankar. 
Princeton Univ. Press, Princeton, N. J., 
1959. 105 pp. $2.75. 

Recent Progress in Hormone Research. 
Proceedings of the Laurentian Hormone 
Conference 1958. vol. 15. Gregory Pincus, 
Ed. Academic Press, New York, 1959. 520 
pp. $12.50. 

Seventh Symposium (International) on 
Combustion. At London and Oxford, 28 
August-3 September 1958. Published for 
the Combustion Institute, by Butter- 
worths, London, 1959. 1005 pp. $35. 
Contents: pt. 1, “Mechanism of com- 
bustion reactions”; pt. 2, “Spectroscopy 
of flames”; pt. 3, “Ionization in flames” ; 
pt. 4, “Structure and propagation of 
flames’’; pt. 5, “Ignition and limits of in- 
flammability”; pt. 6, ‘Interaction of 
flames and surfaces’; pt. 7, “Turbulence 
in flames”; pt. 8, “Combustion in prac- 
tical flowing systems”; pt. 9, “Detonation 
and its initiation” ; pt. 10, “Special fuels” ; 
pt. 11, “Instrumentation in combustion 
research.” There were 254 participants 
from Great Britain, United States, Ger- 
many, France, Belgium, Netherlands, 
Canada, U.S.S.R., Japan, Spain, Swe- 
den, Africa, Australia, Poland, Hungary, 
Liechtenstein, Norway, and Yugoslavia. 

Simple Methods of Contraception. An 
assessment of their medical, moral, and 





social implications. Winfield Best and 
Frederick S. Jaffe, Eds. Planned Parent- 
hood Federation of America, New York, 
1959. 63 pp. 

The Technology of Printed Circuits. 
The foil technique in electronic produc- 
tion. Paul Eisler. Academic Press, New 
York, 1959. 415 pp. $12. 

Textbook of Toxicology. Kenneth P. 
DuBois and E. M. K. Geiling. Oxford 
Univ. Press, New York, 1959. 313 pp. 
$6.50. 

Theoretical Organic Chemistry. Papers 
presented to the Kekule Symposium. But- 
terworths, London, 1959. 315 pp. $9.50. 
The symposium, organized by the Chem- 
ical Society on behalf of the Organic 
Chemistry Section of the International 
Union of Pure and Applied Chemistry, 
was held in London, 15-17 September 
1958. The 19 papers published in this 
volume provide the full proceedings of 
the symposium. 

Transplantation of Tissues. Skin, 
cornea, fat, nerves, teeth, blood vessels, 
endocrine glands, organs, peritoneum, 
cancer cells. vol. 2. Lyndon A. Peer, Ed. 
Williams & Wilkins, Baltimore, Md., 
1959. 703 pp. $20. 

Turbulent Transfer in the Lower At- 
mosphere. C. H. B. Priestley. Univ. of 
Chicago Press, Chicago, Ill., 1959. 137 
pp. $3.75. 

When Negroes March. The march on 
Washington movement in the organiza- 
tional politics for FEPC. Herbert Gar- 
finkel. Free Press, Glencoe, Ill., 1959. 224 
pp. $4. 


Reprints 


Bees. Their vision, chemical senses, and 
language. Karl von Frisch. Cornell Univ. 
Press, Ithaca, N.Y., 1958 (reprint of ed. 
1, 1950). 128 pp. 

Conceptual Thinking. A logical inquiry. 
Stephan Korner. Dover, New York, 1959 
(republication of ed. 1, 1955). 309 pp. 
$1.75. 

From Euclid to Eddington. A study of 
conceptions of the external world. Ed- 
mund Whittaker. Dover, New York, 1959 
(republication of ed. 1). 221 pp. $1.35. 

Experience and Nature. John Dewey. 
Dover, New York, 1959 (republication of 
ed. 2). 463 pp. $1.85. 

Philosophy and the Physicists. L. Susan 
Stebbing. Dover, New York, 1959 (repub- 
lication of ed. 1, 1937). 311 pp. $1.65. 

The Philosophy of Space and Time 
(Philosophie der Raum-Zeit-Lehre, 1927). 
Hans Reichenbach. Translated by Maria 
Reichenbach and John Freund. Dover, 
New York, 1957. 311 pp. $2. 

The Primitive World and Its Trans- 
formation. Robert Fedfield. Cornell Univ. 
Press, Ithaca, N.Y., 1959 (reprint of ed. 
1, 1953). 198 pp. 

Science and Imagination. Marjorie 
Nicolson. Cornell Univ. Press, Ithaca, 
N.Y., 1959. 249 pp. 

A Way of Life and Selected Writings 
of Sir William Osler. 12 July 1849 to 29 
December 1919. Dover, New York, 1959 
(reprint of Selected Writings of Sir Wil- 
liam Osler, 1951). 298 pp. $1.50. 
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Occultation of the Bright 
Star Regulus by Venus 


Abstract. This occultation was observed 
and timed visually early in the afternoon 
of 7 July, in Madrid, Spain. The dura- 
tion of the occultation was 11 minutes, 
4.4 seconds, and mid-occultation occurred 
at 14 hours, 25 minutes, 9 seconds U.T. 
Over 600 individual photographs, which 
define the relative positions of Venus and 
Regulus, were obtained. 


In this age it is no longer often that 
astronomers are given the opportunity to 
observe an astronomical event of signifi- 
cance and beauty for the very first time 
in recorded history. 

The recent occultation of the bright 
star Regulus by Venus, on 7 July 1959, 
was such a rare event; there is, indeed, 
no record of its ever having been ob- 
served in the past. 

I accordingly resolved to observe this 
occultation visually and to give my en- 
tire attention to watching the phenome- 
non as closely as possible, not only be- 
cause this was an “astronomical first” 
but because no instrumental observation 
could be expected to cover the entire 
phenomenon as well as the eye. This 
was because Regulus was to disappear 
at the dark, nighttime limb of Venus 
and to reappear from behind the very 
bright, daylight limb; the eye is a re- 
markable instrument for handling such 
contrasts in brightness, whereas the pho- 
toelectric cell, for instance, is relatively 
helpless. 

The occultation of Regulus could not 
be properly observed in the United States, 
and so, through the kindness of Donald 
Menzel, director of the Harvard College 
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Reports 


Observatory, who arranged for and di- 
rected several “occultation expeditions,” 
and of the National Aeronautics and 
Space Administration, which gave finan- 
cial support to the Smithsonian Institu- 
tion for this venture, I was able to use 
a 5-inch visual refractor at the Madrid 
Observatory. 

As I watched through the telescope, I 
kept up a running commentary which 
was recorded, along with two sets of in- 
dependent time signals, on two tape re- 
corders. (I had resolved to eliminate 
nearly all possibility of mechanical or 
electrical failure. As an additional back- 
up, I also timed the event with a stop 
watch. ) 

In Madrid, the occultation occurred 
in the early afternoon, with Venus high 
in a bright blue, cloudless sky. For sev- 
eral days in advance, in practice ses- 
sions, I had set the telescope on Venus 
and Regulus separately, but by noon on 
7 July, the two objects were already 
close together in the field, Venus look- 
ing like a miniature moon shortly before 
the first-quarter phase and Regulus like 
a twinkling bright star against a bright 
blue background. 

It is not customary today in scientific 
accounts to dwell upon the beauty of a 
phenomenon. I would leave break with 
this custom to remark that the moments 
just before occultation presented a spec- 
tacle of singular beauty. If one considers 
the familiar crescent moon-and-star sym- 
bol as represented on a flag or other de- 
vice, but now replaces it by a miniature, 
bright yellow, crescent moon with an ac- 
tively twinkling greenish-yellow star al- 
most within the crescent, and both set 
as living jewels in a clear turquoise 
matrix, one will, I hope, pardon my di- 
gression. The beauty of the spectacle 
was further enhanced for me by the 
knowledge that I was witnessing an ex- 
tremely rare event, and one which would 
not again be observed for centuries to 
come. 

Then, suddenly, the actual occulta- 
tion was at hand. 

The visual impression of the immer- 
sion was that it occurred very rapidly, 
and I was rather surprised on the play- 
back of my tapes to find that the period 
from the time I first definitely noticed 


the fading of Regulus to the g of gone 
in “it’s going, going, it’s . . . gone” was 
3.2 seconds. In fact, I stated that it 
seemed to be starting to go 8 seconds be- 
fore final eclipse, which came at 14 
hours, 19 minutes, 37.1 seconds U.T., 
more than a minute before the published 
expected time, but this early indication 
may have been an effect of seeing. 

Regulus definitely became enlarged 
just before it disappeared. The phe- 
nomenon looked like a very speeded-up 
sunset, Regulus disappearing like a drop 
of greenish liquid coming in contact 
with an absorbent surface. The greenish 
hue was very probably a contrast effect 
between the B-type Regulus and the G- 
type Venus, even though Regulus was 
occulted by the dark limb of Venus. The 
3-second major phase of disappearance 
was uniform, or “straight line” as far as 
my eye could tell. 

As reappearance became due, I made 
it a point to repeat positively that I 
didn’t see it. I first noted the reappear- 
ance of Regulus as a tiny yellowish pim- 
ple of light, quite attached to the lighted 
limb of Venus, at 14:30:41.5 U.T. I 
was rather surprised that Regulus did 
not appear green by contrast with Venus. 
The emersion seemed definitely more 
leisurely than the immersion. Upon play- 
back of the tapes I noted that I said it 
was still “emerging, emerging, . . .” 12 
to 14 seconds after I first saw it. It did 
not appear to “blossom out” from the 
lighted limb as it had “blossomed down” 
at the dark limb. This must probably be 
ascribed to the great difference in con- 
trast between Regulus and the dark and 
lighted limbs of Venus, although it must 
be remembered that the daylight and 
night upper atmospheres of slowly ro- 
tating Venus may not affect transiting 
starlight in the same manner. 

Duration of the occultation in Madrid 
was 11 minutes 4.4 seconds by both time 
signal systems recorded by my tapes, but 
11 minutes, 4.6 seconds by stop watch. 
Mid-occulation for Madrid was at 
14:25:09.3 U.T. if no correction is 
made for the fact that the eye will note 
a star’s disappearance before it is pho- 
toelectrically invisible and will not note 
its reappearance until enough light is 
present to call attention to it. These ef- 
fects tend to cancel out, although reap- 
pearance will probably be noted sys- 
tematically later than the disappearance 
point is noted earlier than it actually 
happened. Reaction time, however, will 
act in the same sense in both cases, both 
events being timed later than they really 
are. Thus 14:25:9 might be adopted for 
mid-occulation at Madrid. 

The effect of irradiation was pro- 
nounced. The illuminated hemisphere of 
Venus looked much larger than the dark 
hemisphere proved to be; it seemed as 
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though Regulus was shining through the 
dark limb of Venus, if one judged the 
size of the dark side from the apparent 
size of the brightness of the luminous 
hemisphere. This, of course, is a very 
well-known phenomenon. 

Roger Hosfeld, a member of my party, 
using one of the Madrid Observatory 
telescopes through the kindness of the di- 
rector, R. Carrasco, was able to obtain 
a long series of photographs from which 
the changing relative positions of Venus 
and Regulus (with corresponding times) 
can be obtained. The timing of this oc- 
cultation serves as an important reference 
point in the theory of the orbital motion 
of Venus. 

J. Atten Hynex 
Astrophysical Observatory, Smithsonian 
Institution, Cambridge, Massachusetts 
4 August 1959 


Paleolithic Paint 


Abstract. Discovery of hematite and 
kaolinite in excavations of late paleo- 
lithic occupation sites at Les Eyzies (Dor- 
dogne), France, raises anew the question 
of the nature of the paint used by paleo- 
lithic people. Hematite as a pigment 
source is widely documented, but the 
presence of kaolinite imported into pre- 
historic sites poses problems. The sugges- 
tion is made that white clay might have 
been used as an “extender pigment” to 
mix with colors such as that derived from 
hematite. 


Archeologic excavations under the di- 
rection of H. L. Movius Jr., exposed late 
paleolithic occupation levels in the Abri 
Pataud at Les Eyzies (Dordogne), 
France, during the summer of 1958 (1). 
Several thousand stone and bone im- 
plements, much animal bone, and some 
human skeletal material was found. In 
addition, some carving on stone came 
from the Périgordian Final level and 
some rock which may have been painted 
was found in this level as well as in the 
overlying Proto-Magdalenian level. We 
are here concerned with the discovery 
of earth materials which may. have 
formed part of a paleolithic paint pal- 
ette. 

Examples of what the archeologist 
terms “red ochre” were found in each 
of the two main cultural horizons. These 
are small, earthy chunks 2 to 3 cm in 
maximum dimension. Field examination 
showed them to be hematite (Fe,O,), 
and x-ray analysis of one showed the 
hematite to be essentially pure. The 
chunks had been “used,” for each was 
artificially shaped by abrasion which 
produced relatively flat, intersecting 
facets. Similar objects were reported 
earlier from the nearby Grotte de Font- 
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de-Gaume and other sites (2). The 
abrasion is recorded in fine, nearly paral- 
lel scratches on the flattened faces. 
These marks are absent along the nar- 
row ridges separating the abraded faces. 

No earthy hematite occurs in the lime- 
stone cliffs near the abri, or in the stream 
deposits of the neighboring Vézére 
River. Such hematite does occur how- 
ever, in association with clays of Ter- 
tiary age described below. 

That the hematite was used as a pig- 
ment source is an unproved but not un- 
warranted suggestion and has been ad- 
vanced by others for similar finds (2, 3). 
We are, however, on more tenuous, al- 
beit more tantalizing grounds, when we 
consider the significance of fist-sized 
lumps of unctious clay found in deposits 
of Périgordian Final age of the Abri 
Pataud. This material is not character- 
istic of the limestone rubble fill of the 
shelter, nor is there any known occur- 
rence of pockets of such material in the 
Cretaceous limestone in which the abri 
has formed. X-ray analysis shows the 
material to be the clay mineral kaolinite, 
a material that could only have been 
brought into the site by man from some 
outside source. 

Several occurrences of clay are known 
in the general vicinity of the site, and 
at least two of these are commercially 
exploited today. These clays represent 
the weathering, during the Tertiary, of 
Cretaceous limestone. They occur in 
large masses, perhaps-in sinkholes, in 
the uplands flanking the Vézére River 
valley where the site is situated. Brind- 
ley and Comer (4) report both kaolin- 
ite and halloysite clays from the Les 
Eyzies deposits, and x-ray examination 
of samples I collected reveals the same 
assemblage. 

Why was the clay imported into the 
abri? It was clearly not for use in pot- 
tery making, a technical art which then 
lay several thousand years in the future. 
Could it have been used by a local ar- 
tist? For instance, modeling in clay is 
known from the paleolithic stations of 
Tuc d’Audoubert and Montespan 
(Ariége), France. No clay modeling, 
however, has yet been reported from the 
Abri Pataud. 

Is it possible that the clay was in some 
way connected with painting? If so, then 
it might have been used as a white pig- 
ment. White is rare in the surviving 
paleolithic art of western Europe, al- 
though it has been suggested that kaolin- 
ite was used as a.white pigment in some 
of the later European paintings (5) and 
in the prehistoric paintings of Africa (6; 
7, p. 250). 

Another possibility exists, namely, that 
the kaolinite was used to mix with col- 
ored pigments. Thus the kaolinite could 
have been used for what is known in the 


paint industry as an “extending pig- 
ment.” An extending pigment should 
have a low opacity, and the index of 
refraction of kaolinite (1.560 to 1.570) 
allows it to meet this requirement. In 
fact, kaolinite has been used as an ex- 
tending pigment in modern paint manu- 
facture. 

As far as I know, the nature of the 
vehicle for paleolithic paint is still un- 
known. It is most generally held that 
pigments were mixed with animal fats 
(3, 8). No analyses are available to test 
this or any other hypothesis. There is 
some ethnographic evidence, however, 
that Bushmen used animal fat (7, p. 251; 
9) as well as the latex-like sap of some 
plants (9) as a vehicle for pigment, and 
urine, milk, blood, and honey also have 
been suggested (9). Strangely enough, 
common water has not been suggested 
as a vehicle. 

We do not know whether the occu- 
pants of the Abri Pataud used clay in 
painting. Nevertheless, the presence of 
clay in the cultural horizons of the abri 
reminds us that as yet we know very 
little concerning the technical side of 
prehistoric painting. We are quite ob- 
viously in need of organic and inorganic 
chemical analyses as well as mineralogic 
analyses of paleolithic paint. 

SHELDON JUDSON 
Department of Geology, Princeton 
University, Princeton, New Jersey 
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Left-to-Right Shunt Detection 
by an Intravascular Electrode 
with Hydrogen as an Indicator 


Abstract. Hydrogen gas crosses the pul- 
monary membrane and dissolves in blood, 
and it therefore appears immediately and 
in high concentration in the left heart and 
later and in lower concentration in the 
right heart. The hydrogen-sensing, plati- 
num black-tipped catheter is uniquely 
sensitive in detecting the left-to-right 
shunts. 


An electrode sensitive to a foreign gas 
in aqueous solution should have several 
applications in biological and medical re- 
search. The classic hydrogen reference 
electrode principle has been applied to 
measure gaseous hydrogen concentration 
(pH,), instead of hydrogen ion activity, 
according to the equation: 


2H* + 2e = He 


Preliminary studies (/) have indicated 
that, contrary to what might be expected 
on the basis of the sensitivity of colloidal 
platinum to “poisoning,” a platinum 
black electrode produces very sizable po- 
tentials, with respect to a reference elec- 
trode, when exposed to blood containing 
hydrogen. Potentials of up to 300 mv are 
observed, and these are, of course, rela- 
tively simple to measure and record even 
in the presence of the potentials gener- 
ated by the heart. 

A number of types of platinum and 
palladium electrodes were prepared and 
tested. Platinum black electrodes were 
found to be satisfactory. They were pre- 
pared by making the platinum the cath- 
ode (1.5v) in a 5-percent solution of 
platinic chloride while using a platinum 
electrode of similar area as an anode un- 
tila perceptibly grey coating was depos- 
ited. They retained their sensitivity to 
hydrogen over a period of several weeks 
even though allowed to become dry, re- 
peatedly exposed to blood, cleaned, and 
sterilized by soaking in 70-percent alco- 
hol or by autoclaving. The most conven- 
ient reference electrode was found to be 
a silver chloride coated silver plate cut in 
the shape of an “L” with the parts long 
enough to prevent the generation of ab- 
normal reference potentials by fluids con- 
tacting a solder joint. This silver-silver- 
chloride reference was brought into con- 
tact with the skin through a saline-soaked 
pad. Measurements of potential were ob- 
tained by connecting the reference and 
platinum directly to a model G Beckman 
pH meter, to a 100-mv-span model G- 
11A Varian, or to a multichannel Elec- 
tronics for Medicine recording oscillo- 
Scope, using any of the d-c amplifier 
circuits available with this instrument. 

A membrane electrode, similar in 
principle of design to that described by 
Clark (2), was used to give a signal when 
hydrogen gas flowed by its tip. In a dog, 
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one platinum black-tipped catheter was 
placed in the aorta just distal to the aor- 
tic valve; the other was placed in the su- 
perior vena cava near the right auricle. 
The membrane electrode was placed in a 
tracheal window. Figure 1 is a simul- 
taneous recording of the potentials de- 
veloped by these electrodes following one 
breath of 100-percent hydrogen. 

The subject for the observation shown 
in Fig. 2 was a child known to have a pul- 
monary valvular stenosis and a ventricu- 


legend. The 2-second-delay fast-slope 
curve obtained for the right ventricle 
demonstrates the existence of the left-to- 
right shunt (subsequently established by 
blood oxygen analysis and cineangiog- 
raphy). 

Although the potential developed by 
the platinum black-tipped catheters used 
is not strictly quantitative, the differences 
in timing, rate of response and final po- 
tential developed are so great that little 
difficulty is encountered in distinguishing 


lar septal defect and a predominant left- 
to-right shunt. Curves RV and IVC 
were obtained by moving the electrode- 
tipped catheter from one location to 
another, with an inspiration of hydro- 
gen at each location, as described in the 


between left heart blood and right heart 
blood after inspiration of hydrogen. 

The application of this technique in 
the detection of left-to-right shunts is be- 
ing explored in a variety of patients. We 
are attempting to design a multiple elec- 





Fig. 1. Potentials developed by tracheal, aortic, and vena caval platinum black electrodes 
in an anesthetized dog. (A) Trachea. This potential signals the appearance of hydrogen 
in the trachea. Note also the changes in hydrogen concentration in the trachea as the 
lungs are cleared of hydrogen by respiration. (B) The increase in hydrogen content of 
blood in the aorta begins 2 seconds after passage of hydrogen through the trachea is 
detected. Maximum response occurs in approximately 12 seconds. (C) Increase in hy- 
drogen in the vena cava begins about 8 seconds after hydrogen appears in the aorta and 
reaches a maximum in about 1 minute. At higher paper speed, the pattern of the elec- 
trocardiogram is useful in locating the position of the catheter tip. (D) Base line. Verti- 
cal marks are 1-second intervals. 






































































































































Fig. 2. Hydrogen potentials from right ventricle and vena cava of a patient with a ven- 
tricular septal defect and pulmonic stenosis, having a left-to-right shunt. At the point 
indicated by the large arrow, one breath of hydrogen was administered by mask. The 
sudden increase in potential from the catheter tip in the right ventricle (curve RV) 
indicates the presence of left heart blood flowing directly into the right ventricle. The 
superimposed curve (IVC) was obtained later from the same catheter after the tip was 
withdrawn to the inferior vena cava and a second breath of hydrogen was given. The 
large arrow also indicates the hydrogen inhalation point for the JVC curve. The vertical 
lines show 1-second intervals. Note that the electrocardiogram (ECG) is superimposed 
on the RV curve but is barely detectable on the JVC curve. Note also the lack of effect 
of one breath of hydrogen on the electrocardiogram. 














trode catheter whereby hydrogen poten- 
tial measurements may be made simul- 
taneously at various points and where 
blood samples and pressure measure- 
ments can be taken at the same time (3). 
Lexanp C. Crark, Jr. 
L. M. Barceron, Jr. 
Departments of Surgery and Pediatrics, 
University of Alabama Medical Center, 
Birmingham 
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Potentiation of Epinephrine and 
Norepinephrine by Iproniazid 


Abstract. The effects of pretreatment 
with iproniazid on the toxicity and cata- 
ract-producing ability of epinephrine and 
norepinephrine were studied. The epine- 
phrine and norepinephrine were admin- 
istered in such a way that a slow, pro- 
longed rate of absorption was achieved. 
Under these conditions, the lethality and 
cataract-producing ability of these amines 
were shown to be significantly enhanced 
by the action of iproniazid. 


To explain the psychic effects of 
iproniazid, it has been postulated that 
this substance potentiates the effects of 
certain physiological amines by inhibit- 
ing monamine oxidase (J). Although 
potentiation of serotonin (2) and di- 
hydroxyphenylalanine (3) has been pro- 
duced by preadministration of ipronia- 
zid, significant potentiation of the effects 


of epinephrine and norepinephrine by 
iproniazid has not been shown previ- 
ously. 

To demonstrate potentiation by ipro- 
niazid, a slow, prolonged rate of ab- 
sorption of epinephrine and _norepi- 
nephrine was attained in three ways: by 
subcutaneous administration, by repeated 
intraperitoneal injection, and by slow 
intravenous perfusion of the amines. At 
more rapid rates of absorption, no po- 
tentiation could be shown. For example, 
we were not able to show potentiation 
of single intraperitoneal doses of norepi- 
nephrine by iproniazid in rats, nor were 
we able to show a significant difference 
in the amount of norepinephrine re- 
quired to kill rats perfused intravenously 
at a relatively rapid rate. 

In the experiments described below, 
doses of iproniazid reported to inhibit 
completely monamine oxidase were used 
(4). Mice routinely received 100 mg/kg, 
and rats, 50 mg/kg. In each case, enough 
time was allowed for the iproniazid to 
inhibit the monamine oxidase before the 
catechol amines were administered. 
Doubling the dose of iproniazid in mice 
did not further potentiate the effects of 
the amines. 

The results given in Table 1 show 
that iproniazid potentiates the toxicity 
and cataract-producing ability of sub- 
cutaneously administered epinephrine 
and norepinephrine. Both multiple small 
doses and a single larger dose of these 
amines were effective in demonstrating 
the potentiation. Griesemer had found 
incidentally that a single subcutaneous 
dose of 0.5 mg of epinephrine per kilo- 
gram which killed none of 15 controls, 
killed 21 of 41 rabbits that had been in- 
jected with 50 mg of iproniazid per kilo- 
gram 12 hours and 2 hours prior to the 
administration of epinephrine (5). 

Using a total of 130 rats, we could 
show no potentiation by iproniazid of 
epinephrine given in single doses intra- 
peritoneally. The results of the studies 
of subcutaneously administered amines 
prompted us to administer the norepi- 


Table 1. Effects of iproniazid on the incidence of mortality and of cataract produced by 


catechol amines given subcutaneously. 





No. with cataract 


No. dead at 24 hours per No. of sur- 








Total per No. used vivors at 4 hours 
Drug and No. ies aad 
of doses* yt —— Animals Animals 
(mg/kg) pretreated C 1 pretreated C 1 
with ontrols with ontrols 
iproniazid iproniazid 
Epinephrine, 4 8 Mouse 17/20 5/20 + 7/8 5/17 t 
Epinephrine, 6 6 Rat 18/18 9/18 + 4/6 0/16 ¢ 
Norepinephrine, 5 20 Rat 5/8 0/8 t 5/8 0/8 ¢ 
Norepinephrine, 1 12.5 Rat 10/10 4/10¢ 





* Interval between doses, ¥%2 hour. + p < 0.01. ¢ p < 0.05. 
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nephrine in divided doses _intraperi- 
toneally to obtain a more prolonged rate 
of absorption. One-half milligram of nor- 
epinephrine was given every 15 minutes 
for 13 doses to rats pretreated with 
iproniazid and to control rats pretreated 
with saline. Thirteen of 20 rats pre- 
treated with iproniazid and four of 20 
controls died of this treatment (p= 
< 0.01). 

In the studies in which the catechol 
amines were administered subcutane- 
ously and intraperitoneally, the potentia- 
tion by iproniazid could have been due 
to the fact that the iproniazid prevented 
the amines from being destroyed before 
they were absorbed from the injection 
site. To test this possibility, the amines 
were infused intravenously at a slow 
rate. Unanesthetized rats were used, to 
avoid the effect of drugs which depress 
the central nervous system, which have 
been shown to antagonize the toxicity 
of epinephrine (6). The jugular veins 
of the rats were cannulated under light 
ether anesthesia, and an hour was al- 
lowed for complete recovery from the 
anesthetic. The weights of the animals 
in the two groups were identical. The 
animals were perfused with pL-norep- 
inephrine bitartrate at a rate of 1 
mg/cm’ per 85 minutes. The rats pre- 
treated with iproniazid died after having 
received 0.73+0.66 mg, the controls, 
after having received 4.66+1.74 mg 
(p= <0.01). The heightened sensitivity 
of rats pretreated with iproniazid to in- 
travenously administered norepinephrine 
indicates that the potentiation seen in 
the studies in which the amines were 
administered subcutaneously and intra- 
peritoneally was not due solely to a dif- 
ference in the amount of intact amine 
available for absorption. 

Seven controls and seven rats pre- 
treated with iproniazid, when perfused 
with 1.5 mg of pL-norepinephrine per 
cubic centimeter per 85 minutes failed 
to show a significant difference in re- 
sponse, although, on the average, less of 
the amine was needed to kill the animals 
pretreated with iproniazid (0.83 + 0.44 
mg, as opposed to 2.0+ 1.33 mg). 

It has been shown that iproniazid pro- 
foundly alters the metabolism of epi- 
nephrine and norepinephrine, presum- 
ably by inhibiting monamine oxidase 
(7). Such inhibition provides a possible 
explanation for the potentiation of these 
catechol amines by iproniazid. It may 
be that the amines must be absorbed 
slowly in order to show the potentiation 
because the monamine oxidase system 
slowly deaminates the amines in vivo, 
as it does in vitro (8). At faster rates of 
absorption the monamine oxidase sys- 
tem may have little opportunity to inac- 
tivate any of the dose administered be- 
fore a toxic level is reached; there- 
fore, control animals and animals pre- 
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treated with iproniazid respond similarly. 
There is some evidence to indicate 
that the lethal effects of epinephrine are 
mediated in the central nervous system, 
at least in part (9). Penetration into the 
hypothalamus (10), as a result of pro- 
longed high levels in blood, and subse- 
quent potentiation of the amines cen- 
trally is also a possible explanation. 
These results tend to support the hy- 
pothesis that iproniazid may, in part, 
exert its effects by potentiating epineph- 
rine and norepinephrine (//). 
J. L. Borowitz 
Wituiam C. Nortu 
Pharmacology Department, 
Northwestern University Medical School, 
Chicago, Illinois 
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Acrylamide Gel as a Supporting 
Medium for Zone Electrophoresis 


Abstract. Acrylamide polymerized in 
buffer solutions forms a stable, flexible, 
transparent gel which is useful in zone 
electrophoresis. 


Many different forms of stabilizing 
media have been proposed for use in 
“zone electrophoresis.” Since Smithies 
described the starch gel technique (/), 
the use of gelling agents to stabilize the 
migration medium has received increas- 
ing attention (2). This report describes 
a new, commercially available, synthetic 
gelling agent which has many advan- 
tages over previously described agents 
for electrophoresis. 

Cyanogum 41 is a product of Amer- 
ican Cyanamid Co. The following para- 
graph is quoted from the technical in- 
formation supplied by the manufacturer: 

“Cyanogum 41 Gelling Agent is a mix- 
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ture of two organic monomers—acryl- 
amide and N,N?-methylenebisacrylamide 
—in proportions which produce stiff gels 
from dilute aqueous solutions when prop- 
erly catalyzed. The process by which the 
gels are formed is a polymerization- 
cross-linking reaction.” 

Gels can be formed with various buf- 
fers according to the directions supplied 
with the material. The precaution must 
be observed of covering the surface of 
the solution so as to exclude oxygen 
when casting thin sheets or films of the 
gel. This is easily accomplished by float- 
ing a sheet of nonwettable plastic on the 
surface of the monomer solution during 
the polymerization period. 

We have found that 3- to 5-percent 
Cyanogum in acid or alkaline buffers 
(0.3. to 0.01M) produces a satisfactory 
gel for use in electrophoresis. The gel is 
optically clear and colorless. The optical 
density of a 5-percent gel 1 mm thick 
increases slowly from < 0.01 at 650 mu 
to 0.04 at 325 mu, rising sharply be- 
tween 300 mu and a peak at about 260 
mp (optical density, 0.41), then rising 
to an end absorption. The gel is flexible 
and elastic, stable, and completely in- 
soluble in water, once it has formed. At 
concentrations of 5 percent and more 
it is strong enough to support its own 
weight but is somewhat brittle unless a 
plasticizer, such as glycerol (5 percent) 
is included in the formulation. 

The rate of migration of serum al- 
bumin in 0.1M tris buffer of pH 9, 
gelled with 5-percent Cyanogum, is ap- 
proximately 1.2 cm/hr at a field strength 
of 10 volt/cm. A serum pattern can be 
developed in this medium in 8 hours, 
fixed in dilute acetic acid, and stained 
with bromphenol blue, as in any of the 
current standard procedures. Washing in 
dilute acetic acid turns the gel (which 
takes up the stain) a pale yellow and 
leaves the protein pattern dark blue. The 
pattern is sharper than in other com- 
monly used media. Several of the glob- 
ulin zones are separated into subcom- 
ponents. 

Hemoglobin in the same medium mi- 
grates at approximately one-half the rate 
of serum albumin. There is less tailing 
of the hemoglobin bands than is seen on 
paper strips. There is a marked decrease 
in the width of individual bands as com- 
pared with starch gel patterns. The he- 
moglobin patterns resemble those seen 
on agar gel, with some improvement in 
resolving power. The clarity of the Cy- 
anogum gel permits direct measurement 
of the pattern by transmitted-light pho- 
tometry through the gel, without stain- 
ing. 

A particularly convenient way of pre- 
serving the electrophoretic patterns, 
whether stained or not, is to allow the 
gel to dry out completely. In drying the 
gel shrinks uniformly in all dimensions, 


producing a thin, flexible, transparent, 
celluloid-like film which preserves the 
original pattern relationships. This film 
can be rehydrated to its original dimen- 
sions by soaking in water. 
SAMUEL RayMonD 
Lewis WEINTRAUB* 
Pepper Laboratory, University 
of Pennsylvania, Philadelphia 
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Mechanism of Enzymatic 
Oxidation of Purines 


Abstract. Tautomeric forms of 2-hy- 
droxypurine, in which the structure has 
been fixed by introduction of an N-methyl 
group, are oxidized differently by xanthine 
oxidase. The 1-methyl derivative is at- 
tacked at position 8 and the 3-methyl 
derivative at carbon atom 6. These obser- 
vations indicate that 2-hydroxypurine it- 
self reacts in a tautomeric form, corre- 
sponding to the structure of its 1-methyl 
derivative. 


The fact that 2-hydroxypurine (I) is 
converted by mammalian xanthine oxi- 
dase (XO) into 2,8-dihydroxypurine 
(IV) has been interpreted previously in 
the following way (1): (a) structure I 
adds a molecule of water across the 
CH=N double bond of the imidazole 
ring; (b) the hydrated form (II) trans- 
fers two hydrogen atoms from its central 
portion, comprising 


et ie eee 
HN—C=C—N 


directly to the corresponding dienic sys- 
tem of the flavin nucleus in xanthine oxi- 
dase, represented by the grouping 


10 1 
N=C—C=N 


(c) the intermediate III undergoes a 
hydride shift to give IV. In this scheme, 
the order of steps (i) and (ii) may be 
reversed. 


N N 
n> +H20 3=N@ H 
ei | 4 (0) \ OH 
0 N 07 “Nn 
4 H oH 
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N N 
-2H N H N 
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Recent experiments on the enzymatic 
oxidation of 8-azapurines (2) and pteri- 
dines (3), however, make the above in- 
terpretation improbable and require a 
new approach to the mechanistic prob- 
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Table 1. Physical properties of 2-hydroxypurine and its derivatives. 








Relative 
Amax. at Rr* Fl rate of 
Substance pH 8.0 acid basic ane’ oxidationt 
(mp) solvent —" (xanthine = 
100) 
2-Hydroxypurine (4) 314 0.27 0.24 Blue 16.0 
2,8-Dihydroxypurine (4) 304 0.28 0.28  Blue-violet 0.2 
1,2-Dihydro-1-methyl-2- 
oxopurine (V) 318 0.36 0.30 Blue 180.0 
1,2-Dihydro-1-methyl-2- 
oxo-8-hydroxypurine (5) 311 0.34 0.38  Sky-blue Not attacked 
2,3-Dihydro-2-oxo-3- 
methylpurine (VII) 315 0.51 0.39 Blue 100.0 
2,3-Dihydro-2-oxo-3-methyl- 
8-hydroxypurine (5) 320 0.43 0.42 Blue FE 
3-Methylxanthine 272 0.43 0.45  Black-violet Not attacked 





* Descending method; the following solvents were used for development: Acid solvent: 95 percent ethanol, 
85 ml; glacial acetic acid, 5 ml; water, 10 ml. Basic solvent: 95 percent ethanol, 70 ml; pyridine, 20 ml; 


water, 10 ml. 


+ Fluorescence was observed with the aid of a Mineralight ultraviolet lamp, which emits light of \ about 


255 mun. 


t All substrates were used at a concentration of 6 to 7 x 10-5M. 


lem of purine oxidation in general. In 
order to determine the “active” form of 
a substrate entering into reaction with 
the prosthetic group of the enzyme, we 
have examined two isomeric monomethyl 
derivatives of I, in which a single tauto- 
meric structure of the latter has become 
fixed. It was found that 1,2-dihydro-1- 
methyl-2-oxopurine (V) is oxidized in 
position 8 and thus resembles I. On the 
other hand, 2,3-dihydro-2-oxo-3-methyl- 
purine (VII) is converted by xanthine 
oxidase into 3-methylxanthine. In both 
cases, identification of the oxidation 
product was facilitated by the fact that 
the enzymatic reaction does not proceed 
beyond the first step. Comparison of the 
accumulating end products with syn- 
thetic materials by paper chromatogra- 
phy and ultraviolet absorption spectra 
establishes their identity beyond doubt 
(see Table 1). 
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These results suggest that I combines 
with xanthine oxidase in a tautomeric 
form, corresponding to V. The latter is 
the fastest reacting substrate of xan- 
thine oxidase yet found, for it is attacked 
almost twice as rapidly as xanthine. This 
leads to the conclusion that the pathway 
of oxidation of purines is determined 
not so much by the intrinsic polarity of a 
substrate as by the polarity of the spe- 
cific enzyme-substrate complex. The ac- 
tive surface may attract preferentially 
a single structure out of a mixture of 
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tautomeric forms, thereby inducing a 
shift in the tautomeric equilibrium of 
the substrate. This could provide an ex- 
planation of the fact that the rate of oxi- 
dation of I is only about one-tenth of the 
rate of V. 
Hanna Kwittny 
GersHon Levin 
Feurx BERGMANN 
Department of Pharmacology, Hebrew 
University-Hadassah Medical School, 
Jerusalem, Israel 
D. J. Brown 
Department of Medical Chemistry, 
Australian National University, Canberra 


References 


1. F. Bergmann and S. Dikstein, J. Biol. Chem. 
233, 765 (1956). 

2. F. Bergmann, G. Levin, H. Kwietny, Arch. 
Biochem. Biophys. 80, 318 (1959). 

3. F. Bergmann and H. Kwietny, Biochim. et 
Biophys. Acta 33, 29 (1959). 

4. A. Albert and D. J. Brown, J. Chem. Soc. 
1954, 2060 (1954). 

5. D. J. Brown, J. Appl. Chem. in press. 


24 April 1959 


Development of Communication 
between Young Rhesus Monkeys 


Abstract. A communication situation 
is described in which the rewards of both 
members of a pair of monkeys cannot ex- 
ceed chance levels unless the operator 
monkey responds to cues provided by the 
informant monkey which indicate the lo- 
cation of food. Performance under these 
test conditions improved progressively to 
levels consistently above chance. 


Although field studies show that com- 
munication is of fundamental importance 
in the organization and control of non- 
human primate societies, there have 
been no experimental demonstrations of 
communication of specific information 


between monkeys. This report describes 
an apparatus for the investigation of 
communication and presents the results 
obtained in a preliminary experiment 
(1). The test situation, shown schemati- 
cally in Fig. 1, consisted of two.barred 
restraining cages separated by a table. 
Four pairs of food carts were mounted 
on fixed runways on the table, and each 
pair of carts was connected by an ex- 
pandable rack so that movement of one 
cart simultaneously extended the other 
in the opposite direction. Brass handles 
were attached to each pair of carts on 
the operator’s side, and all carts were 
equipped with metal food containers 
which prevented the operator monkey 
from seeing the food but permitted the 
partner (informant) to see it. 

Before a trial, both opaque screens 
and the transparent screen in front of 
the operator were lowered, the food 
containers of the appropriate pair of 
carts were baited, and the one-way vision 
screen was lowered. The trial was initi- 
ated by raising both opaque screens 
simultaneously and by raising the trans- 
parent screen in front of the operator 5 
seconds later. (The transparent screen on 
the informant’s side was not used in this 
experiment.) The operator was permit- 
ted only one response per trial (non- 
correction procedure), and after this 
response the operator’s choice and the 
position of the informant prior to the 
response were recorded. All pairs were 
tested twice a day, in the morning and 
the afternoon, and received 24 trials in 
each test session. The location of the re- 
ward varied randomly, with the restric- 
tion that each pair of carts was baited 
with equal frequency in every block of 
24 trials. 

The subjects were six pairs of rhesus 
monkeys, approximately 18 months old, 
born in the laboratory and removed 
from the mother at birth. All animals 
had had previous experience in the ap- 
paratus in a series of food-sharing tests 
in which the food was visible to the sub- 
jects and in which all responses by the 
operator were equally rewarded. For 
communication testing, one member of 
each pair was arbitrarily designated the 
operator, and each pair was given a total 
of 480 training trials (phase 1). At the 
conclusion of phase 1, the operator and 
informant roles were reversed and each 
pair received 1440 trials under the re- 
versed-role condition (phase 2). Upon 
completion of this phase of the experi- 
ment, the subjects were given an addi- 
tional 480 trials in the original roles 
(phase 3). 

The results for each phase of the 
experiment are presented in Fig. 2. 
The data on the informant’s position, 
the only direct measure of informant 
behavior obtained in the present experi- 
ment, are included for purposes of .com- 
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Fig. 1. Schematic drawing of the commu- 
nication test apparatus, 


parison. The analysis, however, is re- 
stricted to the performance of the opera- 
tors. There is no evidence of learning 
during phase 1, and the percentage of 
correct responses for individual pairs on 
the last 5 days of this training period 
ranged from 23 to 31. Performance dur- 
ing phase 2 improved progressively for 
all pairs, and this effect of practice is 
significant at the .001 level as deter- 
mined by the Friedman nonparametric 
analysis of variance. Three pairs. had 
two or more errorless sessions during the 
last half of this phase. To check on pos- 
sible utilization of nonsocial cues, each 
operator was given 48 control trials be- 
tween sessions 46 and 47 of phase 2 in 
which procedures were identical in all 
respects to those observed during the 
regular communication tests except that 
the informant was not present. For 
every operator, performance dropped to 
chance levels. 

The differences between performance 
levels for phase 1 and for the first 10 
days of phase 2 were not statistically 
significant, indicating that efficiency 
under the reversed-role condition was 
not initially superior to that demon- 
strated during the previous phase. Phase 
3, in which the monkeys were returned 
to their original roles, may be regarded 
as a test of transfer across roles. During 
the intensive training given in phase 2, 
each pair achieved performance levels 
substantially above chance. It might be 
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Fig. 2. Percentage of correct responses by 
the operator and correct positionings by 
the informant during the three phases of 
the experiment. Each pair was given 240 
trials in every block of 5 days. 
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expected that in the course of this train- 
ing the subjects had acquired inciden- 
tally some proficiency in the comple- 
mentary role and if so, that this would 
be reflected in a high initial level of 
correct responses on return to the origi- 
nal role. As can be seen from Fig. 2, 
however, a comparison of data for phases 
1 and 3 provides little evidence to sup- 
port this expectation. Although there is 
some indication that performance im- 
proved during the final five days of 
phase 3, this effect was not statistically 
significant and can safely be attributed 
to practice in the specific role rather 
than to incidental learning in the course 
of the previous role. 

Wituiam A. Mason* 
Psychology Department, 
University of Wisconsin, Madison 


Notes 


1. I wish to acknowledge the assistance of Jess 
W. Harris in the design and construction of 
the apparatus. Support for this research was 
provided by funds received from the Graduate 
School of the University of Wisconsin, grant 
G6194 from the National Science Foundation, 
and grant M-722 from the National Institutes 
of Health. 

Present address: Yerkes Laboratories of Pri- 
mate Biology, Orange Park, Fla. 
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Average Potassium Concentration 
of the Human Body as a 
Function of Age 


Abstract. Potassium-40 measurements 
on 1590 males and females ranging in age 
from less than 1 year to 79 years show sex 
differences and age trends in the ratio of 
muscle mass to the mass of other body 
constituents. A sex difference first appears 
at approximately 12 years of age. While 
females show a continuous decrease in po- 
tassium concentration, males show a rapid 
increase between the ages of 14 and 16. 
During adult life both sexes show a per- 
sistent and parallel decrease, which may 
be related to physiologic aging. 

In previous papers (1, 2) we reported 
some of the results of our in vivo meas- 
urements of total potassium content of 
the human body. Measurements were 
made by counting the gamma rays from 
natural potassium-40, with a 4x liquid 
scintillation gamma counter (2, 3). We 
now report the results of an analysis of 
data for 1590 individuals ranging in age 
from less than 1 year to 79 years. Fig- 
ure 1 shows the average body potassium 
concentration (in grams per kilogram 
of gross body weight) of males and fe- 
males, plotted as a function of chrono- 
logic age. The curves show a surprising 
amount of structure. 

Potassium concentration in. both males 
and females increases from the first year 
of life and reaches a maximum at age 
8 or 9, followed by a sharp decline. Thé 


curves for males and females show ne 
significant sex differentiation until ap- 
proximately the age of puberty (11 to 
12 years) in the female. In this age 
range differentiation begins to occur, and 
the potassium concentration in females 
continues to drop rapidly until about 
age 16 (at which time it assumes a slope 
characteristic of adult females). Potas- 
sium concentration in males shows an- 
other sharp increase beginning at age 14 
(the age of male puberty) and reaches 
a second maximum at age 16. The fe- 
male does not show the second peak at 
all, and the sex difference is greatest at 
this age. After the second maximum, po- 
tassium concentration in males shows a 
rapid decline to about age 21 (compar- 
able to that seen in females between the 
ages of 12 and 16). Beyond age 16 in 
females and age 21 in males, there is a 
persistent decrease in potassium concen- 
tration with age, with parallel slopes 
throughout adult life. While the adult 
decline is shown here as a linear func- 
tion of age, the data are equally com- 
patible with an exponential decrease. 

A statistical analysis of the data for 
each age group was performed to deter- 
mine the standard deviation. Since the 
frequency distribution curves appear to 
be normal, the precision of the mean 
for each age group was estimated by 
dividing the standard deviation by the 
square root of the number of subjects in 
the group. The standard deviation of a 
single datum in the age range from 5 to 
68 years (4) was 7 to 15 percent. The 
standard deviation of the mean for the 
same age groups was from 1 to 4 per- 
cent. The observed scatter of the aver- 
aged points about the regression lines is 
consistent with this degree of precision. 
The principal cause of variability is the 
normal biological variation (due largely 
to difference in amount of fat) among in- 
dividuals. By contrast, the statistical 
counting error for each determination 
was only about 3 percent. 

Change in potassium concentration in 
males and females in relation to growth 
[as indicated by weight gain (5)] is 
shown in Fig. 2. Since about 98 percent 
of body potassium is intracellular (6), 
change in potassium concentration 
reflects a change in the ratio of lean, 
oxidizing, protoplasmic mass to the mass 
of other body constituents containing 
little or no potassium (for example, 
skeleton and fat). The rise in potassium 
concentration in early childhood reflects 
increasing muscular development of 
similar magnitude in both sexes. The 
decline that begins at about 9 years of 
age may result, at least in part, from 
the rapid acceleration in skeletal growth 
[this is responsible also for the increase 


‘in strontium-90 uptake that begins at 


about this age (7)]. Although growth 
rate in the female is at a maximum be- 
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Fig. 1. Average body potassium concen- 
trations of males and females as a function 
of chronologic age (grams per kilogram 
of gross body weight). 
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Fig. 2. Change in male and female po- 
tassium concentrations in relation to 
growth (as indicated by weight gain). 


tween the ages of about 9 and 14, potas- 
sium concentration continues to drop rap- 
idly; this suggests that relatively less mus- 
cle mass is added with increasing age and 
weight. Accelerated muscular growth oc- 
curs in the male at puberty, giving rise 
to a second maximum in potassium con- 
centration at about age 16. The absolute 
rate of muscular development, however, 
is even more pronounced than is indi- 
cated by the potassium values (since this 
is also a period of continuing rapid 
skeletal growth which would tend to 
lower the potassium concentration). The 
pronounced decline in potassium con- 
centration in males between the ages of 
16 and 20 was rather surprising, since 
this is a period during which the rate of 
weight gain is decreasing also. Evidently 
gain in weight after age 16 is a result of 
a “filling out” process involving the ad- 
dition of fat, connective tissue, and bone, 
with relatively little addition of muscle 
tissue. The foregoing interpretation of 
changes in potassium concentration in 
males and females with age is quite in 
accord with observations of age and sex 
variations in total body water reported 
by Edelman et al. (8). 

The steady decrease in potassium con- 
centration beyond age 20, with similar 
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slopes for males and females (Fig. 1), 
is very interesting and worthy of further 
study. Multiplication of the potassium 
concentration by the average weight for 
each adult age group gives a measure 
of the amount of lean, oxidizing, proto- 
plasmic mass and an indication of its 
variation with age and sex. Mean weights 
for the adult male age groups measured 
in our study showed essentially no in- 
crease in weight with age; therefore, the 
observed decrease in potassium concen- 
tration must represent a net loss in lean, 
protoplasmic mass. Between ages 20 and 
60, this net loss in males amounted to 
about 18 percent. After correction for in- 
crease in gross body weight with increas- 
ing age, the net decrease in lean proto- 
plasmic mass in females between ages 
20 and 60 was only about 6 percent. 
This interpretation is in general agree- 
ment with observations of decrease in 
basal metabolic rate with increasing age 
(9) and supports von Débelin’s sugges- 
tion (1/0) that standard metabolic rate 
be expressed in relation to fat-free body 
mass. 

Measurement of potassium-40 may 
offer an effective, statistical means of 
studying some aspects of the physiology 
of aging, exercise, starvation, and such 
wasting diseases as muscular dystrophy. 
The ease with which the potassium-40 
measurements can be made [over 4000 
people were measured, to a precision of 
10 percent, during the recent 15-day 
Geneva Conference on Peaceful Uses 
of Atomic Energy, with an improved 2x 
counter (/7) and counting time of 40 
seconds] enhances the attractiveness of 
this method for the study of large popu- 
lation groups (12). 

E. C. ANDERSON 
W. H. LancHam 
Los Alamos Scientific Laboratory, 
University of California, 
Los Alamos, New Mexico 
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Changes in the Pattern of 
Nitrogen Excretion during the 
Life Cycle of the Newt 


Abstract. In the course of its life cycle 
the eastern newt, Triturus (Diemyctylus) 
viridescens, undergoes two metamorphoses, 
the first from the aquatic larva to the ter- 
restrial red eft; the second, 2 to 3 years 
later, from the eft to the permanently 
aquatic and sexually mature adult newt. 
The pattern of nitrogen exretion changes 
during both transformations. Older larvae 
excrete about 75 percent of the nitrogen 
as ammonia, 25 percent as urea; during 
the first metamorphosis the ratio of am- 
monia to urea is about 57:43; completely 
transformed efts excrete 87 percent of the 
nitrogen as urea. Adult aquatic newts show 
a partial return to the larval pattern, with 
an increase in the proportion of ammonia 
from the 13 percent typical for the eft to 
26 percent, a highly significant difference. 


The studies reported in this paper 
were inspired by G. Wald’s article “The 
significance of vertebrate metamorpho- 
sis,” which appeared in the 12 Dec. 
1958 issue of Science (1). Wald em- 
phasized the basic biochemical changes 
that occur during metamorphosis from 
aquatic to terrestrial existence, and that 
are correlated with morphological and 
ecological changes. He also stressed the 
occurrence of a “second metamorpho- 
sis” at the time of reproduction, and 
the return of many sexually mature ver- 
tebrates to their natal environment, 
which they had left during the first 
metamorphosis. 

No other species of amphibia exhibits 
these two metamorphoses as strikingly as 
the eastern newt, Triturus (Diemyctylus) 
viridescens. During the first transforma- 
tion, the aquatic larva changes into the 
terrestrial red eft, which, during its 2 or 
3 years of life on land, shows many 
morphological adjustments to the new 
environment. The epidermis is rough- 
ened and covered by a thicker cuticle; 
numerous multicellular glands appear in 
the skin; the lateral-line organs sink be- 
low the surface and become nonfunc- 
tional; nasal glands of various types are 
formed; eyelids and lacrymal glands pro- 
tect the eye against drying; the tongue 
becomes muscular, protrusible, and well 
equipped with glands whose secretion 
aids in the capture of prey. 

At the end of its terrestrial growth 
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phase the eft has reached sexual ma- 
turity and migrates back to a pond, im- 
pelled by an increased output of one of 
the pituitary hormones, probably the 
lactogenic factor (2). In the labora- 
tory, the metamorphosed animal (eft) 
can be sent back to the water at any 
time, beginning with the day when it 
first leaves the water, by implantation 
of one-half or one-quarter of an anterior 
lobe of an adult pituitary, or by injec- 
tion of minimal amounts of a prolactin 
preparation. In contrast to other am- 
phibia, which leave the water at the end 
of the breeding season, the adult newt 
remains in its pond permanently. 

The morphological manifestations of 
the second metamorphosis are also nu- 
merous: the epidermis becomes smooth 
and covered with a thin cuticle; the lat- 
eral-line organs move to the surface and 
become functional once more; the tail 
acquires a broad keel; the tongue is re- 
duced in size and no longer protrusible; 
the lingual glands are less prominent. 

At the biochemical level, Wald found 
that the photosensitive pigment of the 











eye, which in the eft is predominantly 
rhodopsin, as in other terrestrial verte- 
brates, is replaced by porphyropsin, 
which presumably was the pigment of 
the larval retina, as he demonstrated in 
tadpoles of the bullfrog Rana catesbiana. 

A second, and functionally even more 
important, biochemical change takes 
place in all amphibia during the first 
metamorphosis from aquatic to terres- 
trial or amphibious life: a shift in the 
form in which nitrogen is excreted. Like 
other aquatic vertebrates, amphibian lar- 
vae excrete primarily ammonia. A ter- 
restrial vertebrate must conserve water 
and cannot afford to use large amounts 
to eliminate the highly toxic ammonia. 
Nitrogen must be excreted in a more 
harmless form, which demands less 
water for its removal. Adult amphibia, 
like mammals, transform the ammonia 
inte urea by the ornithine cycle, the 
essential step of which is the splitting 
of the arginine molecule into urea and 
ornithine by the enzyme arginase (3). 
The detailed studies of Brown and 
Cohen (4) on Rana catesbiana showed 
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Fig. 1. Percentage of total nitrogen (urea plus ammonia) excreted as ammonia and urea 
in various stages of the life cycle of the newt. 
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that the change to ureotelism occurs 
simultaneously with a rise in activity of 
several enzymes of the ornithine cycle. 

Munro (5) demonstrated that a simi- 
lar change from ammoniotelism to ureo- 
telism at metamorphosis occurs in the 
toad (Bufo bufo) and in two species of 
European newts (Triturus vulgaris and 
T. cristatus) and also in the Mexican 
axolotl when metamorphosis is induced 
in the latter by injection of thyroxin. 

The close relationship between the 
biochemical metamorphosis and _ the 
change in habitat is strikingly shown by 
the excretory events that take place in 
the South African clawed frog, Xeno- 
pus laevis (5, 6). In the metamorphosing 
animal the excretory pattern changes: 
instead of excreting approximately 80 
percent ammonia and 20 percent urea 
(typical for the tadpole), the animal ex- 
cretes 50 percent ammonia and 50 per- 
cent urea. However, the young frog 
never leaves the water, and its nitrogen 
excretion returns to the earlier pattern 
(74 percent ammonia and 26 percent 
urea). 

The existence of two clear-cut meta- 
morphoses in Triturus viridescens, the 
first leading from water to land, the sec- 
ond back to water, suggested that a study 
be made of the pattern of nitrogen ex- 
cretion in all three phases of its life 
cycle (7). 

Larvae at various stages of develop- 
ment were starved for from 1 to 3 days 
and transferred in small groups to a 
tightly stoppered collection flask con- 
taining 6 ml of tap water, where they 
were kept for 48 hours. Samples of the 
water were then analyzed for ammonia 
and urea. Urine from red efts was ob- 
tained directly by gentle pressure ap- 
plied to the region of the bladder. Adult 
newts were starved for 3 days, placed 
in separate flasks containing 7 ml of tap 
water each, and left for 10 hours. The 
percentage of total nitrogen (ammonia 
plus urea) excreted as ammonia and 
urea was determined by the Conway 
microdiffusion method, which had been 
used by Munro (5) and by Underhay 
and Baldwin (6). 

The results are summarized in Fig. 1. 
The transition from a predominantly 
ammoniotelic excretion to a predomi- 
nantly ureotelic pattern is gradual and 
is not completed until several weeks 
after metamorphosis. Most important, 
the adult aquatic newt shows a partial 
return to the larval pattern; the per- 
centage of nitrogen excreted as ammo- 
nia rises from 13 percent in the eft to 
26 percent in the adult. This difference 
is statistically highly significant and 
would be expected to occur by chance 
in less than 1 case in 10,000. 

Thus, the biochemical events that oc- 
cur during the second metamorphosis 
of the newt, when it returns from a ter- 
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restrial to an aquatic life, include not 
only the return to the larval form of 
retinal pigment but also a change in the 
mode of nitrogen excretion, in the direc- 
tion of the larval pattern. 

In Triturus viridescens, both meta- 
morphoses can be modified experimen- 
tally with great ease. The first meta- 
morphosis can be accelerated with 
thyroxin or suppressed by thryoidectomy 
in the embryo or by raising the larvae 
in solutions of thiouracil. The second 
metamorphosis can be precipitated, and 
practically fused with the first, by treat- 
ment with pituitary or prolactin. The 
patterns of nitrogen excretion under these 
experimental conditions will be investi- 
gated. 

Grratp Nasu 

G. FANKHAUSER 
Department of Biology, Princeton 
University, Princeton, New Jersey 
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Mummified Seal Carcasses in the 
McMurdo Sound Region, Antarctica 


Abstract. Information was collected on 
90 mummified carcasses of the “crab- 
eater” seal in the ice-free areas of the 
McMurdo Sound region, Antarctica. The 
carcasses range from relatively well-pre- 
served bodies to merely old, twisted, wind- 
dissected fragments of tissue. They are 
hard and dry and lie on the surface of the 
ground, mostly in valley bottoms. The 
arid, cold climate is ideal for retarding 
organic decay. One carcass was dated by 
radiocarbon analysis and found to be be- 
tween 1600 and 2600 years old. 


Mummified carcasses of the “crab- 
eater” seal (Lobodon carcinophagus) lie 
scattered over the land surface 1 to 30 
miles from the sea and up to 3000 feet 
above sea level in the ice-free areas of 
the McMurdo Sound region, Antarctica. 
A few such carcasses were noted on land 
many miles from the sea in this area 
almost 60 years ago by scientists of the 
early British antarctic expeditions (/). 
We noted 90 mummified ‘seal carcasses 
during the 1957-58 field season (2). No 
doubt many others exist in the McMurdo 
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Sound region, and probably in other 
parts of Antarctica. The occurrence of 
these carcasses on the surface of the 
ground so far from their natural habitat 
raises the questions of why they are 
there, how long they have been there, and 
how they got there. Two carcasses have 
been shipped to the United States for 
anatomical and histological study. This 
paper represents a preliminary report 
of our observations (3). 

All except one of the identifiable car- 
casses are of the crabeater seal. One is 
a Leopard seal (Hydruga leptonyx) (4). 
A fairly well-preserved carcass of an 
Adelie penguin was found lying on the 
ground 15 miles from the sea near seal 
carcasses on the west side of the sound. 

The leathery dry carcasses are in 
various states of preservation; some are 
relatively well-preserved, and others are 
merely old, twisted, wind-dissected frag- 
ments of tissue. The well-preserved ones 
range in length from 31% to 7 feet and 
in diameter from 1 to 14 feet. They are 
dry and hard, and they have hair only 
on the side in contact with the ground; 
this side is generally flat and has a strong 
smell. 

We found seal carcasses in every ice- 
free area we visited in the McMurdo 
Sound region except Black Island and 
Ross Island. Twenty-five percent of the 
remains were found within a mile of the 
sea, but scattered groups of 2 to 19 speci- 
mens were found as much as 17 miles 
inland. The carcasses in each group were 
spaced 10 to 100 feet apart. 

Most of the carcasses were found in 
the valley bottoms, many along courses 
of ephemeral streams. Most of the 
streams do not drain into the sea but 
into small, ice-covered lakes in valleys 
blocked from the sea by a moraine or a 
glacier. Several seal carcasses were found 
along the edges of these lakes. Many 
were found at the heads of ephemeral 
streams where the streams issue from 
glaciers, or at the heads of stream val- 
leys. 

All the carcasses noted were on land 
except one which was found half em- 
bedded in the ice cover of Lake Bonney 
at the upper end of Taylor Dry Valley. 
All of those on the land lie on top of 
the ground and most have 2 to 4 inches 
of coarse, windblown sand _ banked 
against their windward sides. 

The age of the mummified seal car- 
casses in the ice-free land of the Mc- 
Murdo Sound region is intriguing. The 
remains have been thought to be perhaps 
100 years or so old, because the arid and 
cold climate of the area is ideal for re- 
tarding organic decay. Radiocarbon 
analysis of one carcass showed that it is 
between 1600 and 2600 years old; an- 
other is being analyzed. : 

The material, which was daicd atthe 
Lamont Geological Observatory, Colum- 





bia University (sample L-462B), was 
from a brown, weathered fragment 1 
foot wide and 4 feet long. It was found 
at an elevation of 1640 feet above sea 
level on glacial drift overlying a bedrock 
bench on the north side of Mount Nuss- 
baum in Taylor Dry Valley. E. A. 
Olson and W. S. Broecker of Lamont 
Geological Observatory report as fol- 
lows (5): 

“Since the radiocarbon age of any or- 
ganic sample requires a knowledge of 
initial radiocarbon concentration, it is 
customary to assume this to be the same 
as in a similar contemporary sample. In 
the case of antarctic seals, no present- 
day material was available, so that we 
have had to assume two extreme values 
and thus to quote an age interval rather 
than a discrete age. A lower age limit 
involves the assumption that the seal’s 
diet consisted entirely of marine organ- 
isms deriving their carbon from surface 
water adjacent to Antarctica. Based on 
measurements of the dissolved carbonate 
in antarctic water which show it to be 
relatively depleted in radiocarbon, an 
age of 1700 (+100 years is obtained. An 
upper limit of 2500 (+100) years is ob- 
tained if the Lamont contemporary wood 
standard is used in the age calculation. 
Hence, the seal age almost certainly lies 
within the interval 1600-2600 years.” 

We believe that the antarctic seals, 
which occasionally wander inland, find 
no food in the fresh or alkaline lakes 
and therefore die. The cold, arid climate 
preserves their carcasses an incredible 
length of time, and the remains of seals 
and other animals that have wandered 
inland during the last 2000 years prob- 
ably still exist to attest the animals’ last 
journey (6). 

Troy L. Piwé 
Norman R. Rivarp 
U.S. Geological Survey and 
Department of Geology, University of 
Alaska, College 
GerorcE A. LLANO 
Committee on Polar Research, National 
Academy of Sciences, Washington, D.C. 
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Ocean Water as a Source of 
Ice Nuclei 


Abstract. Preliminary tests indicate 
that ocean water may release an abun- 
dance of ice nuclei to the atmosphere. 
These results may explain the observation 
that marked anomalies often accompany 
an influx of marine air in the Washington, 
D.C., area and the fact that abnormal 
counts are often associated with wide- 
spread precipitation. 

The origin and nature of ultramicro- 
scopic particles in the atmosphere which 
contribute to the formation of crystals 
(glaciation) in supercooled clouds and 
the effect of these nuclei with respect to 
subsequent rainfall remain obscure. 
Large fluctuations in the concentration 
of ice nuclei have been attributed to fac- 
tors such as windblown dust and indus- 
trial effluents. Laboratory investigations 
summarized by Mason (1) have led to 
the tentative conclusion that ice nuclei 
active in natural clouds may be rela- 
tively insoluble substances of a rather 
special crystal structure, such as parti- 
cles found in clay and other siliceous 
dusts. The evidence does not appear to 
be entirely consistent in this regard, par- 
ticularly in the temperature ranges 
within which natural-cloud glaciation 
typically occurs. An _ extraterrestrial 
source for these nuclei was suggested by 
Bowen (2), who advanced the hypothe- 
sis that world-wide precipitation is en- 
hanced about 30 days after meteor 
showers as a result of an increase in 
meteoritic debris which provides addi- 
tional nuclei for the formation of ice 
crystals in accordance with the Berg- 
eron-Findeisen ice-crystal growth mech- 
anism. 

Kline and Brier (3) summarized 
the few available series of daily obser- 
vations on ice nuclei during sever2! Jan- 
uaries and indeed found a trend toward 
higher values around the dates on which 
such values are predicted by the meteor- 
itic dust theory. However, pronounced 
increases in concentrations of ice nuclei, 
which were not associable with any 
known meteor showers, were detected 
on several days in February and March 
1958 near Washington, D.C. We noted 
a tendency for higher counts to exist 
when the air at the surface came from 
easterly quadrants in the preceding 24 
hours, a recent marine trajectory thus 
being implied. However, low concentra- 
tions also were observed during such 
flow regimes. Further observations dur- 
ing the past year suggest a relationship 
between the occurrence of high nuclei 
counts of ice nuclei and the total amount 
of precipitation over the United States 
in a 24-hour period. Widespread pre- 
cipitation is of course frequently asso- 
ciated with moist air which has recently 
been in ocean areas. 
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Since it is known from the work of 
Junge (4) and others that the aerosol 
content of the atmosphere can be in- 
creased by a factor of at least 10 to 100 
over marine storm areas, the question 
arises as to what role the state of the 
sea may play in the observed variations 
in concentration of ice nuclei. Birstein 
and Anderson (5) reported that sea salt 
might act as an ice nucleus at a thresh- 
old temperature of about — 15°C. The 
aerosol was generated directly from sea 
salt in the crystalline state by grinding 
and heating procedures. But a_ short 
series of summer observations on the 
west coast of Ireland by Georgii and 
Metnieks (6) showed no obvious rela- 
tionship between sea salt and ice nuclei. 
No further tests of the ice-nucleating 
properties of particles of marine origin 
are known to have been made, although 
hygroscopic particles from oceanic 
sources are known to be active nuclei 
for the condensation of water vapor to 
the droplet state. 

Because of these uncertainties, we de- 
cided to perform experiments in which 
we would utilize a particle-generating 
mechanism analogous to the foaming 
and bubbling process associated with 
whitecaps. Bubbling action is known to 
produce salt particles, from the experi- 
ments reported by Mason (7) and oth- 
ers. About 4 lit. of ocean water was 
placed in a bowl and agitated by the 
blades of an ordinary electric mixer. 
The air intake of a 10-lit. refrigerated 
expansion-type cloud chamber of the 
basic design described by Warner (8) 
was located a few inches above the foam 
and bubbles formed by the churning 
action of the blades. Figure 1 shows typ- 
ical results compared with background 
counts obtained in an air mass that had 
recently been in a maritime tropical 
area. The fact that the warmest tem- 
perature observed for the commence- 
ment of nucleating activity with sea salt 
is comparable to that found in marine 
air in our local series of daily observa- 
tions on ice nuclei may be significant. 
The use of carefully distilled water in 
lieu of ocean water gave negative results. 
Tests now under way tend to show that 
a number of soluble substances, includ- 
ing NaCl and MgCl,, yield counts of ice 
nuclei through this technique that are 
significantly higher than counts for the 
surrounding air. 

Although these results do not shed 
much light on the meteor dust hypothe- 
sis and the observed recurrence of cer- 
tain weather events on or near the same 
calendar date (weather singularities), 
they suggest a mechanism that might 
account in part for the high nuclei 
counts during periods of widespread 
precipitation, since such precipitation is 
frequently associated with general 
storminess and high surface winds. Wahl 
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Fig. 1. Temperature-spectrum comparison 
between the number of ice nuclei in air 
samples drawn from near the surface of 
agitated ocean water and the number ob- 
served concurrently in ambient air. These 
data were obtained on 15 March 1959, 
during an influx of maritime tropical air 
in the Washington, D.C., area. 


(9) has pointed out that the weather 
singularities in the month of January 
are closely related to changes in the 
general circulation, and Brier (10) indi- 
cated that during this month worldwide 
precipitation was at a maximum, during 
periods when there was the greatest 
transport of air at 50° north latitude at 
the earth’s surface. 

Although it is too early to generalize, 
these clues suggest that nucleation of 
natural clouds may be brought about in 
part by hygroscopic aerosols acting in 
the dual role of efficient condensation 
nuclei and ice nuclei. There is also a 
possibility that siliceous or other active 
nucleants may exist in colloidal suspen- 
sion in certain oceanic areas due to ero- 
sion of the shore line by the action of 
wind, wave, and ocean currents, and 
that these nucleants are released to the 
atmosphere as minute particles. More 
direct identification techniques will be 
required to resolve the current uncer- 
tainties (//). 

Gienn W. Brier 

Dwicut B. Kine 
Office of Meteorological Research, 
United States Weather Bureau, 
Washington, D.C. 
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Effect of Strontium Replacement 
for Calcium on Production of 
Motile Cells in Protosiphon 


Abstract. Protosiphon botryoides Klebs 
grows without evident zoosporogenesis in 
inorganic media in which strontium is sub- 
stituted for calcium. Growth is 50 to 90 
percent of that obtained with calcium; 
when sodium is substituted for calcium, 
there is no appreciable growth. Motility 
was observed at or above CaCl.- 2H:O 
levels of 5 mg/lit., with or without stron- 
tium. 


Earlier reports of partial or complete 
substitution of strontium for calcium as 
a required nutrient in certain plant spe- 
cies (J) led, in connection with a study 
of the mineral nutrient requirements of 
Protosiphon botryoides Klebs, to an at- 
tempt to substitute SrCl, -6H,O in the 
growth medium for the CaCl, -2H,O 
ordinarily supplied in Bold’s inorganic 
salt medium for the culture of algae (2). 
Three treatments were set up, one with 
calcium chloride, a second with a molar 
equivalent of reagent-grade strontium 
chloride, and a third lacking both added 
calcium and strontium. A uniform inocu- 
lum, obtained from medium containing 
calcium was washed and added in equal 
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small quantities to each of the three 
preparations. The preparations were 
placed under illumination of approxi- 
mately 300 ft-ca from cool white fluores- 
cent bulbs at 22°C, under a light-dark 
cycle of 12 hours of light and 12 hours 
of darkness (3). By 12 days after inocu- 
lation a phototactic ring of Protosiphon 
cells, indicating zoospore formation, be- 
came evident in the preparation contain- 
ing calcium chloride but did not appear 
in either of the other two preparations, 
although growth was evident in the 
medium containing strontium chloride. 
Microscopic examination of the cultures 
revealed an abundance of zoospores in 
the calcium-containing medium; how- 
ever none were seen in the medium con- 
taining strontium. Turbidimetric growth 
measurements, reported as total cell vol- 
ume per liter, were made 37 days after 
inoculation, with results shown as repli- 
cate 1 of Table 1. Subsequent replicates, 
which showed the same responses in re- 
lation to zoospore production, are also 
shown in the table. 

That the growth of Protosiphon in the 
presence of the strontium chloride was 
not due directly to the addition of cal- 
cium as a contaminant in the strontium 
salt is clear from a study of the growth 
response to different levels of calcium 
chloride (Fig. 1) and from spectroscopic 
analysis of the reagent-grade strontium 
chloride used (4). The rate of growth 
in the strontium chloride was equivalent 
to what was obtained at a calcium level 
of about 0.4M equivalent, whereas the 
spectroscopic analysis revealed a cal- 
cium contamination of the reagent- 
grade strontium chloride of only 10 to 
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Fig. 1. Effect of strontium and sodium replacement of calcium on the growth of Proto- 
siphon botryoides Klebs, measured as percentage of total cell volume obtained with 25 
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Table 1. Cell volume of Protosiphon in 
nutrient medium at end of culture period 
(ml/lit.). 


Medium 


Repli- 1s 
cate With With bined 
a Sr or Sr 
1 5.8 2.9 0 
2 12.9 9.4 0 
3 8.0 4.0 0 
4* A 6.9 0.7 


os 10.6 6.6 0 


* Replicates with Specpure strontium salt. 


20 parts per million. Replicates with 
Johnson Matthey, and Co.’s Specpure 
strontium salt containing 2 parts of cal- 
cium per million gave similar results. It 
appears that strontium replaces the 
major part, if not all, of the calicum re- 
quired in this medium for optimum 
growth of Protosiphon, since the con- 
trols, containing all the other salts of 
the medium but the calcium or stron- 
tium salts, failed to sustain appreciable 
growth. 

The two curves of Fig. 1 show the 
relative growth rate of Protosiphon at 
varying levels of calcium chloride. To 
maintain the chloride content uniform 
in these cultures, the calcium chloride 
was replaced by sodium chloride in one 
instance and by strontium chloride in 
the other. Other tests have indicated 
that results would have been similar if 
the sodium chloride replacement had 
been omitted from the medium. Careful 
microscopic examination of the cultures 
revealed that zoospore production, 
whether or not strontium was present, 
began at a calcium level of approxi- 
mately 5 mg/lit., 0.2 the concentration 
of the calcium supplied in the basal 
medium. 

The results of these studies on Proto- 
siphon point to a critical role for cal- 
cium, which cannot be assumed by stron- 
tium, in the production of motile cells. 

JosepH C. O’KELLEY 
WaLTER R, HERNDON 
Biology Department, 
University of Alabama, University 


References and Notes 


1. A. Rippel and U. Stoess, Arch. Mikrobiol. 3, 
492 (1932); G. Lindeberg, Symbolae Botan. 
Upsaliensis 8, 1 (1944); R. A. Steinberg, Sci- 
ence 107, 423 (1948); J. B. Walker, Arch. Bio- 
chem. Biophys. 46, 1 (1953); J. L. Ingraham 
and R. Emerson, Am. J. Botany 41, 146 (1954). 

2. H. C. Bold, Bull. Torrey Botan. Club 76, 101 
(1949). 

3. We gratefully acknowledge the assistance of the 
research committee of the University of Ala- 
bama in providing the culture facilities used in 
this study. 

4. We gratefully acknowledge the help of E. L. 
Grove of the School of Chemistry, University 
of Alabama, who supplied ion-free water for 
use in preparing the media and who provided 
the spectroscopic analysis of the reagent-grade 
strontium chloride. 


28 April 1959 


SCIENCE, VOL. 130 








w. 


NALA, 


ANI 


AN 





BABABRARBRRURVVRVRARARATS 


AAAARARRRARRRARA 


AAARARARARARAA 


~*~ 











awk 
















































n PRS SAASAAAAAAAAASAAAS ARARARAN ARARARRARARRAAT ARARRARARRARERLLE \ SNAAAAAAAARURARRRRERRRERT 
d ZZ % 
Z ENGINEERS * SCIENTISTS ¢ 
y 3 
Z THE Z 
4 
g ; 
4 MITRE 3 
; 
, j 
4 CORPORATION - 
¢ 
a 
Z 
: s £ h . 
: 
; Invites You to Investigate the ; 
| g 
; 
% 
| PROFESSIONAL OPPORTUNITIES Z 
j 
~ , 
) 
2 % 
‘oe AVAILABLE Z 
. te , 
a1) in Integrated System Engineeri : 
j 
m | § in in eg rate ys em ng neering ; 
. iA . 
of y 
n- ; 4 
: ; MITRE, a research and development organization, is responsible for providing engineering : 
le ; 4 
: solutions to the problems involved in integrating the many varied Air Defense systems. y 
1€ Formed under the sponsorship of the Massachusetts Institute of Technology, this inde- A 
“ pendent non-profit corporation has undertaken a long-range work program which requires Z 
10) 
a a spectrum of skills in engineering and the physical sciences. Z 
le - These skills are utilized in the design, development and evaluation of the diverse y 
z y components, equipments and subsystems from which evolve total systems. These sub- Z 
d . systems consist of radar systems, communications, data links, computers, data processing y 
if systems, and defensive weapons. This continuing system engineering function takes Z 
id ‘ cognizance of the immediate and long-term threat, the total defense technology — both y 
ul present and projected—and the complex logistics of air defense with a programmed A 
ng methodology that insures the best possible defense system, at minimum cost, for any Z 
mn given time period. Z 
ci- : 
ef 4 Technical Staff appointments are currently being made in the following areas: Z 
: g Zg 
" $ e SYSTEM DESIGN @ WEAPONS SYSTEM INTEGRATION Z 
0- @ COMPONENT RESEARCH and DEVELOPMENT ¢ HUMAN ENGINEERING g 
il- @ REAL-TIME COMPUTER CONTROL SYSTEMS @ COMMUNICATIONS SYSTEMS g 
n- 4 @ DETECTION TECHNIQUES @ ELECTRONIC WARFARE Z 
Is. Z @ OPERATIONS ANALYSIS e INTEGRATED SYSTEM EVALUATION A 
EY 4) 
w |g Z 
The openings are available at the MITRE facilities y 
in suburban Boston, Massachusetts — Fort Walton Beach, Florida Z 
—and Montgomery, Alabama. y 
3, ‘ Z 
an. y 
ci ' To arrange an immediate confidential interview, send resume to Z 
10- 
am ‘ Dana N. Burdette, Personnel Director y 
4). % 
01 ‘ Z 
. THE MITRE CORPORATION Z 
la- 6 Z 
in é 244 Woop Street — Lexincton 73, MassaCHUSETTS y 
Z 
i 
ri ‘ A brochure more fully describing MITRE and its activities is available on request. g 
led : 2 
ide 4 2 
" <<" 
130 TAA rir bb tbo URE TEENS USED UTE EEEEEES EE EEEEEEEE EERSTE EEE EERSTE SU 
18 SEPTEMBER 1959 719 











Less than 


0.007% Ash— 


for Highest Accuracy 


left: Platinum crucible, 
with 20 gr. S&S Ash- 
Free Filter Paper 







below: Crucible after 
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Ask for S&S “‘Ash-Free” 
Analytical Filter Papers 


For many years S&S Ash-Free Analyt- 
ical Filter Papers have been known 
for their extremely low ash content. 
They have been the choice of chem- 
ists who must have the most precise 
working tools. 


To our knowledge, there is no filter 
paper with lower ash content on the 
market. In fact, ash content of S&S 
Quantitative Papers is considerably 
lower than all other papers we have 
tested—less than 0.007%. 


Ask your laboratory supply house for 
S&S Analytical Filter Papers—the 
finest, most precise filter paper you 
can specify. Yet S&S quality costs no 
more. If you would like to receive a 
free S&S Filter Paper Sampler, made 
up of many grades, just mail the 
coupon below. 


MAIL THIS COUPON FOR FREE SAMPLER 


i Car! Schleicher & Schuell Co. 


Dept. S-99, Keene, New Hampshire 


i 
i SS) Gentlemen: : 
H Please send me, free, an S&S j 


" Analytical Filter Paper Sampler. 
Name. 


i Company 4 


Address 
} City State. i 
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Letters 


Estimates of Radiation Dose from 
Strontium-90 Due to Fallout 


A recent article by Merril Eisenbud, 
“Deposition of strontium-90 through 
October 1958,” concludes, from con- 
sideration of the radiation delivered to 
bone marrow by the Sr®° absorbed by 
the bone from fallout debris, that “the 
maximum foreseeable dose [of radia- 
tion] from strontium-90 in the New 
York area is thereby estimated to be 
about 5 percent of the dose due to nat- 
ural radioactivity” (J). 

This conclusion appears to be inac- 
curate. In what follows it is shown that, 
instead, on proper calculation, Eisen- 
bud’s data lead to the conclusion that 
Sr®°-induced radiation to the bone 
marrow is, on the average, 15 to 60 
percent of the natural background 
radiation. Some localized areas of bone 
marrow will receive considerably more 
intense radiation. Such calculations show 
also that the bone itself will receive, 
from Sr®°, radiation amounting to from 
10 to 400 percent of the background ra- 
diation. 

Eisenbud estimates that when Sr?° 
deposition due to fallout from past tests 
is at a maximum (in 1965), milk in the 
New York area will reach the level of 
11 wuc of Sr®° per gram of calcium, and 
that a child using this milk as a source 
of dietary calcium will develop a skele- 
ton containing about 5.5 wuc of Sr®° per 
gram of calcium (5.5 strontium units). 
For the purpose of this discussion this 
estimate is accepted as a first approxi- 
mation, although, as shown below, it is 
probably too low. Eisenbud calculates, 
from the skeletal Sr®° level given above, 
the resultant radiation dose to the bone 
marrow. This dose is then compared 
with a value representing the dose from 
natural radiation, and it is concluded 
that the fallout radiation amounts to 5 
percent of background radiation. Eisen- 
bud’s considerations of this matter are 
contained in the following paragraph 
from his article: “The United Nations 
Scientific Committee on the Effects of 
Atomic Radiation calculated . . . [(2)] 
that 1 micromicrocurie of strontium-90 
per gram of calcium is equivalent to a 
dose of 1 millirem per year to the bone 
marrow. An individual having 5.5 micro- 
microcuries of strontium-90 per gram of 
calcium in his skeleton will therefore re- 
ceive a dose of 5.5 millirems per year in 
addition to the dose from natural radi- 
ation of cosmic and terrestrial origin. 
According to the United Nations Sci- 
entific Committee, skeletal irradiation 
from natural sources is 125 millirems 
per year. The 5.5 micromicrocuries of 
strontium-90 per gram of calcium will 
therefore increase the natural dose to 
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SAUTER 
ANALYTICAL 


BALANCES 
MONOPAN 


A single pan Analytical Balance making most efficient 
use of the reliable principle of substitution weigh- 
ing for the determination of mass. 

Very precise * Extremely stable * Remarkably simple. 

Several exclusive features: 

(a) Built in weights housed in bottom compartment. 
Dust-free ... away from fumes. Balance life is 
prolonged. Need for adjustment reduced. — 

(b) Recessed reading scale in direct line of vision 
with load pan. Glare free. 

(c) Taring weights built in. Easy to add or subtract. 

Rugged Construction. Modern Styling. Air damping. 

Capacity 200g. sensitivity 0.1 mg. readability 0.05 


mg. 
Taring up to 26g. in addition to full capacity. 
Measurements 72” x 18” x 18” 

pounds. 


. Net weight 45 





Exclusive — Weights in 
bottom, dust-free cham- 
ber. Prolongs life of 
knife. Reduces need for 
adjustment. 


Write for Illustrated Literature 


AUGUST SAUTER “inc: 
ALBERTSON, L. 1., N. Ye 


Recessed reading scale 
eliminates glare. Situ- 
ated for maximum read- 
ing ease in line of vision 
with load pan. 
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the bone marrow by about 5 percent.” 

According to the United Nations re- 
port (2, p. 9, Table 1, and p. 58, Table 
25), the natural radiation to the bones 
is 125 to 130 mrem/yr, while the nat- 
ural radiation to the bone marrow is 
95 mrem/yr. Eisenbud’s comparison ap- 
pears to be between an estimated Sr®° 
radiation to the bone marrow and the 
natural radiation to the bone. 

More properly, Sr®° and natural radi- 
ation ought to be compared relative to 
the same tissue, either bone or bone 
marrow. Such comparisons lead to the 
following results. 

1) With regard to bone, according to 
the U.N. report (2, p. 107, par. 63), 1 
uuc of Sr®° per gram of calcium delivers 
to bone tissue 2.5 mrem/yr. Thus, 5.5 
uuc of Sr®° per gram of calcium will 
result in a bone dose of 13.8 mrem/yr, 
or about 10 percent of the natural dose 
(125 to 130 mrem/yr). This esti- 
mate refers only to an average value 
and assumes that the Sr% is evenly 
spread throughovt the skeleton. How- 
ever, it has been shown by Engstrém 
et al. (3) that microscopic regions of 
the bone may receive a radiation dose 
about 40 times the average. Hence, these 
parts of the skeleton will receive from 
Sr°° a radiation dose amounting to 
about 400 percent of the radiation from 
natural sources. 

2) With regard to bone marrow, a 
similar situation exists. This problem is 
considered in paragraphs 64 and 65 on 
pages 107 and 108 of the U.N. report 
(2). Paragraph 64 states: “In the fol- 
lowing it will be assumed that 1 stron- 
tium unit [1 uc of Sr*® per gram of 
Ca] will cause a mean bone marrow 
dose rate of 1 mrem/yr. The true value 
of the mean marrow dose might how- 
ever, be as low as 0.5 or as high as 2 
mrem/year per strontium unit.” The 
problem is further developed in para- 
graph 65, which states: “It should be 
emphasized that bone marrow cells 
which are almost surrounded by bone 
will receive doses which may be equal 
to those in compact bone. Taking into 
account all causes for non-uniformity, 
ie. the non-uniform deposition in the 
mineralized zones, the variation in bone 
layer widths and geometrical factors 
[corners], the bone marrow level is prob- 
ably five times the figures quoted above.” 

Eisenbud has chosen to employ, as the 
parameter relating Sr®° concentration to 
radiation dose, the ratio 1 mrem/yr per 
strontium unit. However this choice 
ignores the variability range (0.5 to 2 
mrem/yr per strontium unit) given in 
paragraph 64 of the U.N. report, and 
the fivefold inhomogeneity factor cited 
in paragraph 65. If all the relevant data 
in the U.N. report are considered, we 
reach the conclusion that an average 
skeletal burden of 5.5 wuc of Sr9° per 
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RADIOACTIVITY AT WORK..°5 


Our business is radioactivity—applying it, measuring it, protecting against it. 


Applied radioactivity is today’s most versa- 
tile tool. In this third NSEC report, we 
focus on a few of the multiplying peacetime 
uses of radioisotopes and radioactivity. 


As you read the brief outlines of our proj- 
ects and services, you may discover the 
solution to a specific problem now con- 
fronting you—a problem solvable only with 
radioactivity. Or you may see a general 
application in some area of your work. 


We would welcome the opportunity of dis- 
cussing how radioactivity can assist you—in 
studying product or process improvements, 
reducing manufacturing costs, answering com- 
plex research questions. 


RADIOACTIVE WASTE TREATMENT 
AND DISPOSAL 


Disposal of the radioactive waste products 
of a nuclear reactor presents a serious 
problem. Radioactivity waste differs from 
ordinary chemical or sanitary refuse in that 
it cannot be destroyed chemically. There- 
fore, planning for treatment and storage of 
wastes must be undertaken in the early 
stages of reactor design. Under a prime 
contract with the Atomic Energy Com- 
mission, NSEC scientists recently completed 
a comprehensive survey of all current prac- 
tices as well as planned techniques for the 
disposal of highly radioactive waste mate- 
rials. NSEC is ready to put its findings to work 
for those who are planning reactors for power 
or testing purposes. Ask for our new bulletin 
which outlines the factors to be considered. 


WATER TRACING WITH HYDROGEN 
ISOTOPES 


Ever been confronted with leakage in a 
system of underground water pipes? This 
tracing problem has been solved by NSEC 
scientists using tritium, the radioactive 
hydrogen isotope. Both tritium and deu- 
terium, a non-radioactive hydrogen isotope, 
are used in tracking water flow. Often the 
path of rainwater, underground streams or 
reservoirs must be traced. NSEC experts 
conduct assays of the tritium and deuterium 
content of the water. They measure tritium 
with a sensitivity of 10-5 microcuries per 
milliliter. The detuerium content in water 


is determined using the density-gradient 
method. Both these hydrogen isotopes are 
also used to discover the origin of ground 
water, thus aiding in water conservation. 
NSEC assay services assist in other ways, too, 
including the biological tracing of organic 
matter for medical and industrial studies. 


TESTING FOR SUSTAINED RELEASE 
OF DRUGS 


A number of pharmaceutical companies are 
now working to develop a single dosage form 
of a drug which will be effective over a long 
period of time: from 12 to 24 hours. The 
drug, whether capsule, compound or com- 
plex, must have a gradual, uniform absorp- 
tion rate. Its effect must be continuous. 


There are many advantages to a prolonged 
acting drug over a drug which must be 
taken every few hours. But one of the 
development problems is in vivo testing. 
How fast is the release rate? Are the peaks 
and valleys on the absorption curve too 
pronounced? What is the blood concentra- 
tion of the drug? 


NSEC personnel are now performing such 
studies for drug firms. Through radioactive 
tracers, we are able to measure much lower 
levels and with greater specificity than is 
possible under conventional colorimetric or 
fluorimetric methods. Our specialized pro- 
cedures are particularly applicable when a 
very small amount of a drug is to be given. 


NEUTRON DOSIMETRY MEASUREMENT 


In the development and operation of nuclear 
reactors, it is necessary to know the neutron 
flux at various points in the reactor. NSEC 
offers a dosimetry service to determine 
neutron fluxes—to measure thermal, epi- 
thermal, and fast neutrons. NSEC provides 
the dosimeters, the required analytical serv- 
ices, and a report on flux data. Special 
fission dosimeters are also supplied, for 
direct measurement of burn-up occurring in 
fissionable material during irradiation. 
NSEC designs and develops techniques for 
difficult or unusual dosimetery problems. 
It’s possible to measure neutron flux from the 
highest now available down to 1 neutron per 
square centimeter per second. 


Want more details about our many projects and services? Just call or write our 
Marketing Department. The proposals and quotations of our technical staff are 


yours without obligation. 


And to keep informed of the latest advances in this field, read “‘Radioactivity at 
Work,” our monthly publication. Write us on your letterhead and we’ll put you 


on our mailing list. 


Several staff positions are now open for qualified personnel. Resumes should be 


sent to our Personnel Manager. 


Nuclear Science and Engineering Corporation 


DEPT. S-10, P.O. BOX 10901, PITTSBURGH 36, PENNSYLVANIA 
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gram of calcium will deliver to local- 
ized regions of the bone marrow be- 
tween 14 (5.5 strontium units x 0.5 
mrem/yr per strontium unit x 5) and 
55 (5.5 strontium units x 2 mrem/yr 
per strontium unit x 5) mrem/yr. When 
these dose rates are compared with the 
natural rate of 95 mrem/yr, we find 
that Sr°° will contribute to the bone 
marrow additional radiation amounting 
to about 15 to 60 percent of the radia- 
tion from natural sources. 

The foregoing considerations are based 
only on the sources of data employed by 
Eisenbud. If other pertinent informa- 


tion is taken into account the above con- 
clusion becomes modified further. As 
pointed out with reference to a recent 
estimate of the expected dietary Sr® 
levels in St. Louis (4), data reported 
by H. P. Straub of the U.S. Public 
Health Service to the recent hearings 
on fallout before the Joint Committee 
on Atomic Energy show that about one- 
third of dietary Sr®° comes from non- 
milk sources. Since these sources, prin- 
cipally cereals and vegetables, have Sr®° 
concentrations considerably higher than 
those of milk, the total dietary Sr®° level 
with which bone is in equilibrium is 
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SEMI-MICRO UTILITY SET 
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$4/000 


Cat. No. $-71670—‘‘QUICKFIT” SEMI-MICRO UTILITY SET— 
consisting of 20 components, mounted in box 


STAN DARD SCIENTIFIC 


Cor 


f. 


a bash ot 


This is a Set of Semi-Micro Preparations 

Apparatus, Consisting of 20 Interchange- 

— Components and a Specially-Designed 
Ox. 


The Box, 28x 23x7 Cm, Has All the 
Appropriate Spring Cl'ps to Hold Assem- 
blies When in Use, and Also Serves as an 
ideal Housing for the Set. 


Assemblies for the following uses a be 
built with the Semi-Micro Utility Set 

REFLUX—as in a gong Nitration and 

Solution of a solid in a liquid for Re- 

crystallization. 

REFLUX WITH ADDITION OF REAC- 

TANTS—as Grignard reactions. 

pape oe FILTRATION—as in prepara- 
tion of derivatives. 

PREPARATION—as in final purification of 

Aniline. 

PREPARATION WITH STIRRING —as 

preparation of Ethyl Acetate. Incorporates 

a stirrer eal. 

RECOVERY—as recovery of solvents. 

pie hon DISTILLATION—as distillation of 

Aniline 
REACTION WITH STIRRING WITH 

GAS INLET—as Chlorination and prepara- 

tion in an inert atmosphere 

VACUUM DISTILL ATION —as purifica- 

tion of high boiling liquids. 

SEPARATION AND EVOLUTION OF 
GAS — as separation of two immiscible 

liquids, eg. ether and water. 

GAS FLOW REACTION—as estimation of 

alcohol by oxidation. 

REFLUX—reaction under simple reflux. 


0.00 
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higher than is indicated by estimates 
based on milk alone. Consideration of 
this factor would increase the foregoing 
estimates of Sr®° radiation to bone and 
bone marrow by a factor of about 50 
percent. In addition, as Caster (5) has 
pointed out, calculations by Engstrém 
et al. (3) indicate that a heterogeneity 
factor of 40 to 60 (as against the value 
of 5 suggested in the U.N. report) may 
be operative in some conditions. In this 
case the effect of Sr®° relative to nat- 
ural radiation would be increased _pro- 
portionately. 

In sum, Eisenbud’s conclusion appears 
significantly to underestimate the rela- 
tive effect of radiation from Sr®° result- 
ing from fallout due to nuclear explo- 
sions. Since Eisenbud’s article is part of 
the testimony before the recent hearings 
on fallout before the Joint Committee 
on Atomic Energy, consideration should 
be given to appropriate means of cor- 
recting the record of these hearings. 

Barry CoMMONER 
Washington University, 
St. Louis, Missouri 
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Commoner’s principal criticisms of 
my article are (i) that my dose esti- 
mates did not allow for inhomogeneities 
in Sr®° deposition or for the ranges in 
the published estimates of dose per 
strontium unit, and (ii) that I under- 
estimated the dose from Sr®° by assum- 
ing that the isotope is derived by hu- 
man beings from dairy sources only. 

In addition to these two _ points, 
which I will discuss further, Commoner 
calls attention to my reference to 125 
mrem/yr as the natural “skeletal” radi- 
ation dose. The dose to the bene mar- 
row from natural sources was actually 
assumed to be 95 mrem, the value I 
used in concluding that 5.5 mrem/yr is 
“about 5 percent” of the dose from nat- 
ural sources. The value of 125 mrem/yr 
to the bone was given redundantly in the 
text. I am indebted to Commoner for 
calling this to my attention. 

The method I used in estimating the 
dose to bone marrow was adopted di- 
rectly from the procedures developed by 
the United Nations Scientific Commit- 
tee on the Effects of Atomic Radiation. 
It is significant that this committee re- 
lied on bone marrow dose rather than 
on osteocyte dose in calculating the bio- 
logical consequences of Sr®° deposition. 
It is true that, as Commoner says, the 
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"STANDCO” | 


LABORATORY 


STIRRER 


TYPE CA-2 


VARIABLE SPEED 
PRECISION MADE 


The small, technically perfect 
stirrer with 2 Hollow Shatts: 
1. Low Speed approx. 18-270 RPM 

2. High Speed approx. 150-2250 RPM 









with 

Induction Motor, air cooled, totally enclosed, 
no commutator, no brushes, hence no spark- 
ing or danger of explosion. 


lation (by control knob) . . . no rheostat to 
heat \ up or burn out. 


- small size, light 


~ weight, easy to handle. 
Hollow shafts permit easy adjustment of stir- 
ring rod to any desired height. 
>. Furnished complete with chrome plated chuck, 
permanently attached mounting rod, 6 ft. cord, 
switch and grounding lead. 


BULLETIN 1002 


HERMAN H. STICHT CO., INC. 
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CHEMISTRY 
CONTROL SERUMS 


When run in parallel with your unknowns, these 
versatile control serums provide a close, 
dependable check on technics, instruments and 
reagents. Both serums are prepared from 

freshly drawn human blood and freeze-dried to 
insure the stability of the labeled values. 

Both are repeatedly assayed by three independent 
laboratories before release; mean values and 
acceptable range are charted for each lot. Both are 
prepared for use simply by adding distilled 
water. And both are stable for five days after 
reconstitution (except for glucose) when 

stored under refrigeration. 


Abnormal Clinical Chemistry 
Control Serum is available in 5 cc 
vials, in boxes of 3 vials ($5.50) or 
6 vials ($9.00). Normal Clinical 
Chemistry Control Serum is 
supplied in 5 cc vials, 6 per box, 

at $9.00 per box. 
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ABNORMAL 


clinical chemistry control serum 


containing elevated 


Non-Protein Nitrogen 
concentrations of 


Protein-bound Iodine 


Amylase Phosphorus, inorganic 
Alkaline Phosphatase *Transaminase (SGO-T) 
Bilirubin Urea Nitrogen 


NORMAL 


clinical chemistry control serum 


containing normal levels of 


Albumin Phosphorus, inorganic 
Calcium Potassium 

Chloride Protein-bound Iodine 
Cholesterol Sodium 

Creatinine Total Protein 

Globulin *Transaminase (SGO-T) 
Glucose Urea Nitrogen 


Uric Acid 


*The transaminase values in Hyland Clinical Chemistry 
Control Serums represent actual enzyme activity, completely 
controlling all procedures, including spectrophotometric. 
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160 Lockwood Ave., Yonkers, N.Y. 
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ture controlled by hydraulic thermo- 
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Temperature—room to 65° C. Max, 
temp. differential 1° C. 

Interior white baked enamel—exte- 
rior durable light beige enamel over 
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fiberglas insulation. 1500 watts, 115, 
208, or 230 volts AC. 
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Publishing results of experimental and theoretical investigations by leading 
Soviet Scientists. Articles in all branches of optics and spectroscopy, including 
X-ray, ultraviolet, visible, infrared and microwave, thin layer optics, filters, de- 
tectors, diffraction gratings, electro-luminescence, thermal radiation backgrounds, 
infrared polarizers and many applications to other branches of science and to 
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Translated and published by the OPTICAL SOCIETY OF AMERICA, this 
branch of Soviet Science is now made available to all interested individuals and 
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use of | mrem/yr per strontium unit 
“ignores” the range of estimates given 
in the United Nations report (0.5 to 2 
mrem/yr per strontium unit), but I con- 
sidered the assumed value to be a satis- 
factory basis for tissue dose approxima- 
tion, as indeed did the U.N. Radiation 
Committee in the calculations for their 
report. Commoner notes also the five- 
fold inhomogeneity to which the U.N, 
report refers, and he states that I should 


have used this in my computation. 
Again, the U.N. Committee simply 

5 ) 
pointed out that this inhomogeneity 


probably exists, but they did not find 
it necessary to include this factor in the 
computations either of dose or of the 
biological consequences of Sr®’ deposi- 
tion. 

The doses we are discussing are very 
much less than the 
quired to produce observable effects in 
the laboratory. concern 
with the significance of these doses de- 
rives from the concept that prudence in 
estimating the possible consequences of 


smallest dose _re- 


Commoner’s 


the exposure of large populations to 
small doses of radiation requires one to 
assume that there is no threshold, and 
that the biological 
radiation doses, however small, can be 
estimated by a linear extrapolation of 
existing experimental data. This con- 
cept is not applied to all of the biolog- 
ical effects of radiation and is not ac- 
cepted by many investigations of Sr 
toxicity as being applicable to the car- 


consequences of 


cinogenic effects of this isotope. 

It is not my purpose to argue for or 
against this concept but merely to note 
that it exists and serves as the basis of 
which 
others have experienced over the pos- 
sible 


the concern Commoner and 


consequences of small 


of a few millirems per year. It is true 


that the portion of the bone marrow in | 


which more than the average amount 
of the isotope is deposited receives more 
than average irradiation. The non- 
threshold, proportional theory would sug- 
gest that the probability of carcinogene- 
sis would thus be increased correspond- 
ingly within that portion of the marrow. 
However, it is likewise true that the re- 
maining portion of the tissue will have 
less than the average dose and, for this 


remaining portion, the probability of J 


carcinogenesis will be lessened. Accord- 
ing to the proportional theory, the prob- 
ability of a carcinogenic response in a 
given volume of tissue should be a func- 
tion of the total energy absorbed within 
the tissue. 

Commoner’s criticism of my use of milk 
as the basis for computing potential risk 
does have merit. Foods other than dairy 
products have been shown recently to be 
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doses of | 
Sr, This being so, I am puzzled that | 
Commoner continues to emphasize the 

importance of inhomogeneities in depo- | 
sition of Sr®° at dose levels of the order | 
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contributing increasingly large propor- 
tions of Sr®® to the diet, and this factor 
should be considered in future compu- 
tations. Whether or not omission of this 
factor does in fact imply that I under- 
estimated the dose by a factor of 0.5, as 
suggested by Commoner, I cannot say 
at this time. 

It is my opinion that “about 5 per- 
cent” is a reasonable estimate of the 
maximum increase in bone marrow dose 
to be expected. “About 5 percent” could 
mean that the actual levels would be as 
much as 10 percent, but in my opinion, it 
is more likely that the true values will 
prove to be somewhat lower than 5 per- 
cent. This is because the method I used 
to compute future doses does not allow 
for the effect of foliar deposition or the 
possibility that Sr®° in soil will become 
less available to plants over a period of 
many years. 

Merrit EisENBUD 
US. Atomic Energy Commission, 
New York Operations Office, New York 


Teaching and Research 


The point that Jesse D. Rising raises 
Science 130, 66 (10 July 1959) |—that 
“many potentially excellent teachers 
may be doing less than their best teach- 
ing in an effort to satisfy the university 
administration by doing research’”—was 
answered forcefully by an experienced 
teacher in these words: 

“In the life of a university depart- 
ment the interests of research and of 
teaching are competitors. . . . The ac- 
tivities themselves are in necessary con- 
flict in any department which thus seeks 
to serve two masters. The activities 
compete for room space, for the work- 
ing time of staff members, including 
mechanicians and secretaries, for funds, 
and for the control of faculty appoint- 


“In my experience the demands of 
teaching and of research have been in 
continual conflict for nearly forty years, 
and I cannot remember that either func- 
tion ever helped the other. Many a 
demonstration would have been better 
prepared and many a student better 
served if the urgency of some situation 
in the research laboratory (and the fas- 
cination of it) had not pulled in that 
direction. On the other hand, the con- 
tinuous concentration that a research 
dilemma can demand was often broken 
up by the class bell. I would have done 
better at either one of these activities 
if I had kept out of the other, and I sus- 
pect that there are hundreds of scientific 
men who could give the same testimony. 
This is not a situation that we can take 
any satisfaction in but is just one of the 
facts of academic life. . . . 

“It does seem that it is high time to 
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swing the protective tariff back from the 
researchers to the teacher as teacher. . . .” 

These quotations come from a speech 
by Paul Kirkpatrick of Stanford Uni- 
versity, delivered at a meeting of the 
American Physical Society in New York 
last January. They state in better words 
than many of us can muster the opinion 
prevailing among many teachers of un- 
cergraduate college physics and are 
worthy of more publicity than they have 
been given. 

Urzsan E. ScHNAUS 

Department of Physics, 
Catholic University, Washington, D.C. 








Liesegang Phenomenon 


In a recent report [Science 129, 1365 
(1959)], Van Oss and Hirsch-Ayalon 
claim that the Hirsch effect constitutes 
the proper explanation of the Liesegang 
phenomenon. This claim is based on the 
assumption that the Liesegang rings act 
as membranes which prevent further dif- 
fusion of the reacting substances. These 
authors also cite experimental evidence 
(see their references 9 and 21) in sup- 
port of their conclusion that the rings 
remain impermeable to the diffusing 
outer (presumably more concentrated) 
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reactant until the other (inner) reactant 
is exhausted in the vicinity of the ring. 

Although it is generally agreed that 
the medium is exhausted of this reactant 
in the vicinity of the ring, the evidence 
for the impermeability of the ring is by 
no means conclusive. The Liesegang phe- 
nomenon is equally well explained [see, 
for example, Wagner, J. Colloid Sci. 5, 
85 (1950)] if a critical ion-product con- 
centration, such as a_ supersaturation 
product, is required as a necessary condi- 
tion for ring formation. In that case the 
clear spaces between the rings merely 
result from the lowering of the inner 
electrolyte concentration by adsorption 
on the last ring or by counterdiffusion. 
As a result, the outer electrolyte must 
then diffuse for some distance until the 
critical concentration is again reached. 

Another argument against accepting 
the Hirsch effect as the only explanation 
of Liesegang rings under all conditions 
is found in the experiments by Morse 
[J. Phys. Chem. 34, 1554 (1930)] in 
which rings of rather widely spaced crys- 
tals were formed in water without any 
colloidal material present. It seems a lit- 
tle farfetched to suppose that these rings 
act as membranes. 

Van Oss and Hirsch also state that 
Ostwald’s supersaturation theory is re- 
futed by Hatchek’s experiments. The 
arguments against this view have already 
been presented in some detail [K. H. 
Stern, Chem. Revs. 54, 79 (1953) ]. Basi- 
cally they amount to this: that super- 
saturation can exist in the presence of 
crystals, particularly if these are well dis- 
persed; and that under these conditions 
rings still form because the rate of crys- 
tal growth is less than the diffusion ve- 
locity of the reactants. When the rings 
consist of very small crystals, closely 
spaced, the Hirsch effect may very well 
operate. 

Kurt H. Srern 
Department of Chemistry, 
University of Arkansas, Fayetteville 


As the title of our report, “An ex- 
planation of the Liesegang phenomenon,” 
implies, we did not claim to advance an 
explanation that excludes all other ex- 
planations. It is indeed quite probable 
that in certain cases diffusion, supersatu- 
ration, or even gel-protection effects play 
their role. Still, as we pointed out, Liese- 
gang bands have been known to occur 
under circumstances where these effects 
were lacking. Now, although it remains 
difficult to ascertain which effect pre- 
dominates in the formation of any par- 
ticular set of Liesegang bands, the Hirsch 
effect can in a general way satisfactorily 
account for all the circumstances under 
which Liesegang bands are formed, need- 
ing no assumptions on diffusion, super- 
saturation, or gel protection. The Hirsch 
effect, an experimentally established and 
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general phenomenon, must give rise to 
Liesegang bands exactly under those cir- 
cumstances where these bands actually 
occur. 

The role of the gel or membrane in 
the Hirsch effect must not be overesti- 


| mated, the effect itself being indepen- 


dent of the presence of colloid material. 


| Only for the quantitative measurement 


of the Hirsch effect are carrier mem- 
branes, or other porous walls, used to ad- 
vantage, principally to avoid convection. 

The Hirsch precipitates are best con- 
sidered as barriers to the forming ions 
rather than as membranes. Actually, by 
the time Liesegang layers appear and can 
be inspected, they have already lost their 
property as barriers (except for the last 
. Thus, the 
occurrence of bands of widely spaced 





layer, if one is quick enough 


crystals in water does not exclude a 
Hirsch effect. 

C. J. van Oss 
Laboratory of Physical Biochemistry, 
National Veterinary College, 
Alfort, France 


Radioactive Fallout 


Your issue of 22 May [Science 129, 
1412 (22 May 1959)] contained an as- 
sessment, issued by the General Advisory 
Committee of the Atomic Energy Com- 
nission, of the dangers to the human 
‘ace of radioactive fallout. Without dis- 
cussing the obvious impertinence of a 


collection of physicists, chemists, engi- 
neers, and what-have-you who presume 
to issue a pronouncement on a crucial 
biological question, I should like to offer 
‘omment on certain of the points which 
they raised. 

1) The fact that “the amount of total 
body external radiation resulting from 
fallout to date, together with future fall- 
out... from previous weapons tests, is: 
(i) less than 5 percent as much as the 
average and 
other background radiation” is repeated 


exposure to cosmic rays 


ad nauseam to reassure the public. How- 








ever, this argument is a red herring de- 
signed to deceive. The principal dangers 
(both physiological and genetic) to the 
human race from fallout stem from the 
decay of the radioactive fallout material 
after it has been taken into the body 
and incorporated within certain cells and 
tissues. That the total quantity of radia- 
tion reaching the whole body from out- 
side is far greater is largely irrelevant to 
the question of the potential dangers of 
fallout from Throwing 
rubber balls at a person is not an intel- 
ligent way of finding out what would 
happen were he to swallow one. 

2) With respect to the internal effects 
of strontium-90, they comfort us with 
the statement that “the amount of stron- 
tium-90 which has been found in food 
and water is less of a hazard than the 


nuclear tests. 
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amount of radium normally present in 
public drinking water supply in certain 
places in the United States.” Since it is 
impossible to assess as yet the effects in 
man of ingestion of Sr9°, which has been 
a factor in human ecology only since 
1954, one wonders how they can be so 
sure that it is “less of a hazard” than 
radium or anything else. Doctors who 
were prescribing radium for a variety o! 
conditions as recently as the 1920’s wore 
also sure that there was no hazard in- 
volved, but many people died of it none- 
theless. We shall all await publication of 
the studies on the high-radium drinking 
water to which the committee refers, but 
until we have had the opportunity to 
study them we had better treat this state- 
ment with the same suspicion which we 
have learned to extend to all other reas- 
suring pronouncements emanating from 
the Atomic Energy Commission and its 
creatures, 

Meanwhile, I should like to offer the 
following comment on the hazard of 
Sr®°, in order to solicit a refutation by 
the committee; I suggest only that they 
consult a biologist first, and if they are 
not acquainted with any I should be de- 
lighted to suggest one or two. 

Since 1955, the maximum permissible 
body burden for Sr®° has been set at 1 
uc (I cannot find publishable words with 
which to comment on the fantastic ac- 
tion of the U.S. National Committee on 
Radiological Protection, which recently 
doubled this, to 2 uc). In their book, 
Bone and Radiostrontium (Wiley, New 
York, 1957), Engstrom et al. state that 
a total body concentration of 1 uc of 
Sr°° would be expected to deliver, in 
approximately 10 years, roughly 1000 r 
to certain microscopic hot spots located 
in the spongious bone, close to the mar- 
row, where the blood-forming tissues are 
located. (One thousand roentgens was 
about the whole-body dose absorbed by 
the Austrian miners of Joachimsthal 
over a 17-year period, the mean time 
required for the development of the fatal 
lung cancers which used to kill three- 
quarters of them). In view of this cal- 
culation, Engstrom et al. recommended 
that the maximum permissible body bur- 
den be reduced to 0.1 uc, a recommen- 
dation which, I understand from Science 
(129, 1473 (29 May 1959)], has been 
adopted by the International Commis- 
sion on Radiological Protection. 

If the maximum permissible body 
burden for workers known to be sub- 
jected to radiation hazards is 0.1 wc, 
that for the population at large should 
be reduced, according to the Interna- 
tional Commission, by one order of 
magnitude—that is, to 0.01 uc. 

In the recent article by Kulp et al. 
[Science 129, 1249 (8 May 1959)], we 
learn that children seem to have on the 
average about three times the concen- 
tration of Sr® in their bones that adults 
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have; 1-year-old infants have some eight 
to ten times the adult concentration. In 
view of this, and since the biological 
effects of radiation are more serious on 
rapidly growing and metabolizing cells, 
it seems to me that a separate maximum 
permissible body burden should be set 
for children, at approximately 0.003 uc. 

That this figure is not unreasonably 
low is apparent in studying data from 
some Russian studies (cited by Eng- 
strom et al.) on the effects of injecting 
small amounts of Sr®° into dogs; these 
animals developed bone cancers approxi- 
mately 3 years after injection of 0.0001 


uc of Sr®° per gram. Engstrom et al. 
calculate that the retained dose in a 
10-kg dog would be of the order of 0.01 
to 0.1 uc. Now, a l-year-old child weighs 
approximately 10 kg, and it seems evi- 
dent, to me at least, that its maximal 
skeletal concentration must not be per- 
mitted to reach the order of concentra- 
tion of Sr®° known to cause fatal bone 
cancers in dogs. 

We learn from the article by Kulp 
et al. that in 1966, when the highest 
skeletal concentration of Sr®° in young 
children will occur, some 1 percent of the 
world’s children are expected to have a 
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skeletal concentration of 20 wuc per 
gram of calcium. Since the average 
l-year-old infant, weighing 10.6 kg, has 
roughly 100 g of calcium in his body, 
it follows that in 1966 1 percent of these 
children will have a total Sr skeletal 
level of 0.002 uc, and beyond doubt a 
significant fraction of 1 percent (hun- 
dreds of thousands, millions ?) will have 
exceeded our suggested limit of 0.003 
uc, and some may have skeletal concen- 
trations of the order of those known to 
cause cancer in dogs. 

This happy picture is based on the 
optimistic assumption that no further 
testing of nuclear weapons will occur 
(and neglects to consider the effect of 
other radioactive fallout elements). But 
what if nuclear tests continue? 

J. Gorpin Kaptan 
Department of Physiology, Dalhousie 
University, Halifax, Nova Scotia 


Imprinting 


Eckhard Hess, in his stimulating sur- 
vey of recent progress in studies of im- 
printing [Science 130, 133 (1959)] re- 
ferred briefly to his inability to attain 
auditory imprinting with mallard ducks, 
Anas platyrhyncus. He did not mention, 
however, that it has been possible to at- 
tain auditory imprinting with other spe- 
cies—for example, Aix sponsa, the wood 
duck [P. H. Klopfer, Ecology, 40, 90 
(1959) ]. 

This point would not ordinarily be of 
great significance except that it illus- 
trates the importance of attending to 
interspecific differences in the survival 
value of particular kinds of behavior. 
Hess’ paper shows the wild mallard to 
be an excellent imprinter, while the 
wood duck is considered to be poor. 
But, if auditory rather than visual stimuli 
are used, quite the reverse situation ob- 
tains. To a zoologist this seems reason- 
able: mallards nest in comparatively 
open situations, wood ducks in holes re- 
cessed in trees. Mallard young can see 
their mother when she first leaves the 
nest, the wood duck young cannot. Thus, 
the seeming importance of visual pat- 
terns for imprinting may be a reflection 
of the dominant sensory modality of the 
subjects rather than a characteristic of 
a particular type of behavior. In fact, 
one of the earliest reports on this subject 
dealt with olfactory imprinting [W. H. 
Thorpe and F. G. W. Jones, Proc. Roy. 
Soc. (London) B124, 56 (1937)]}. The 
importance of olfaction to most mam- 
mals should suggest that it would be a 
mistake to confine further work in this 
area to the otherwise ingenious appa- 
ratus devised by Hess. 

Peter H. Kioprer 
Duke University, 
Durham, North Carolina 
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Peter Klopfer’s comments concerning 
my article are worth noting but do not 
precisely relate to my findings. Certainly 
we obtained auditory imprinting in the 
mallards, as well as in other species, 
since sound is used in our presentation 
along with the visual object. What we 


were not able to demonstrate for the 
mallard was auditory imprinting in the 
egg. 


EcKkuHarp H. Hess 


University of Chicago, Chicago, Illinois 


Strontium-90 Levels and Wheat 


In “Strontium-90 in man III” by 
Kulp, Schulert, and Hodges [Science 
129, 1249 (1959)], “the widespread 


flow of wheat and powdered milk from 
the Northern to the Southern Hemi- 
sphere” is suggested as a possible ex- 
planation for the smaller difference in 
the strontium-90 levels in bone than in 
recorded fallout between the 
spheres. 


two hemi- 


As related to wheat, at least, 
highly questionable. 


this is 
Argentina and Aus- 
tralia are two of the world’s principal 
wheat exporters. A cursory review of the 
FAO World Grain Trade Statistics in- 
dicates that in 1956-57, the latest crop 
year for which full data are available, 
movement of wheat (including the 
wheat equivalent of flour) from the 
Northern to the Southern Hemisphere 
on the order of 1220 thousand 
metric tons, as compared with a move- 


was 


ment of 4300 thousand metric tons of 
Southern Hemisphere wheat into the 
Northern Hemisphere. Another 2500 
thousand metric tons moved between 
Southern Hemisphere countries, the 
largest share of this local trade being 


represented by Argentine exports to 
Brazil (1040 thousand metric tons) and 
Australian exports to New Zealand (340 
thousand metric tons). Indonesia, Singa- 
pore-Malaya, Ecuador, and the Belgian 
Congo as well as Brazil are here consid- 
ered Southern Hemisphere countries, 
although part of each is in the Northern 
Hemisphere. 

If strontium-90 is moving across the 
equator in wheat, it would appear prob- 
able that the net movement is 
ward rather than southward. 

James J. Parsons 
Department of Geography, 
University of California, Berkeley 


north- 


We appreciate the correction of Par- 
sons showing that the net flow of wheat, 
if not of powdered milk, is from the 
Southern to the Northern Hemisphere. 
Flow in either direction is, of course, 
equally effective in bringing the stron- 
tium-90 content of human bone toward 
a mean, so that the North-South ratio 
of strontium-90 concentration in human 
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bone is less than the North-South ratio 
of cumulative fallout. 

The case of Australia is puzzling since 
the Australians subsist almost entirely on 
their own foodstuffs yet the average bone 
level in 1957-58 (0.20 wuc of Sr® per 
gram of calcium) was equal to that in 
the United States. Other climatic and 
agricultural factors must play a more 
dominant role here if the bone sampling 
is representative (1). 

J. Laurence Kup 
ARTHUR R. SCHULERT 
EvizaBETH J. Hopnces 
Lamont Geological Observatory, 


Torrey Cliff, Palisades, New York 


Note 


1. This is Lamont contribution No. 372. 


Church-Affiliated Colleges 


Donald L. Thistlethwaite [Science 
130, 71 (1959)] has reported that re- 
ligious affiliation on the part of a college 
is negatively related to encouraging 
Ph.D. scholars in the natural sciences. 

It has occurred to me that this factor 
may have an important bearing on his 
ranking of institutions by geographical 
region, especially since his sampling is so 
extensive and since some of these regions 





have a much higher proportion of 
church-supported institutions than do 
others. 

An illuminating extension of this study 
would be a subclassification of geograph- 
ical ranking according to whether or not 
the institutions included in the sample 
have religious affiliation. 

James R. Kuppers 
Grifton, North Carolina 


To test the hypothesis suggested by 
Kuppers I have done a two-way analysis 
of variance. In order to avoid cells with 
missing entries, it was necessary to com- 
bine the New England and Middle At- 
lantic regions. Thus we have a 2 by 4 
classification: presence versus absence 
of religious affiliation and separation by 
four regions. The results indicate signifi- 
cant differences in the production of 
graduates who attain the Ph.D. in the 
natural sciences (fp < .01) between geo- 
graphical religious-affiliation groups, but 
no significant interaction. The nonsig- 
nificant interaction indicates that the 
geographical differences have not been 
found to vary according to whether or 
not the colleges have religious affilia- 
tions. 

Dona.tp L. THISTLETHWAITE 
National Merit Scholarship Corporation, 
Evanston, Illinois 
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Forthcoming Events 
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14-16, Parenteral Drug Assoc., annual 
conv., New York, N.Y. (H. E. Boyden, 
Parenteral Drug Assoc., 130 E. 59 St. 
New York 22.) 

14-17, American College of Chest Phy- 
sicians, 25th, Albuquerque, N.M. (M. 
Kornfeld, 112 E. Chestnut St., Chicago 
11, Ill.) 

15-16. American Ceramic Soc., Glass 
Div., Wernersville, Pa. (F. P. Reid, ACS, 
4055 N. High St., Columbus 14, Ohio.) 

15-17. Academy of Psychosomatic Med- 
icine, Cleveland, Ohio. (B. B. Moss, Suite 
1035, 55 E. Washington St., Chicago 2, 
Ill.) 

15-17. National Soc. of Professional 
Engineers, fall meeting, Seattle, Wash. 
(P. H. Robbins, NSPE, 309 Bancroft 
Bldg., Univ. of Nebraska, Lincoln.) 

16-17. Association of Midwest College 
Biology Teachers, conf., Notre Dame, Ind. 
(G. R. Bernard, Dept. of Biology, Univ. 
of Notre Dame, Notre Dame, Ind.) 

17-18. American Acad. of Psychothera- 
pists, 4th annual conf., New York, N.Y. 
(AAP, 30 Fifth Ave., New York 11.) 

17-25. Plastics Industry, intern. fair, 
Diisseldorf, Germany. (Nordwestdeutsche 
Ausstellungs Gesellschaft (NOWEA), 
Ehrenhof 4, Diisseldorf.) 
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18-22. Electrochemical Soc., Colum- 
bus, Ohio. (R. K. Shannon, ES Inc., 216 
W. 102 St., New York 25.) 

18-23. American School Health Assoc., 
Atlantic City, N.J. (A. O. DeWeese, 515 
E. Main St., Kent, Ohio.) 

18-23. American Soc. 
Reconstructive Surgery, Miami Beach, 
Fla. (T. R. Broadbent, 508 E. South 
Temple, Salt Lake City, Utah.) 

19-21. High Polymer, 9th Canadian, 
Toronto, Ontario, Canada. (K. E. Rus- 
sell, Dept. of Chemistry, Queen’s Univ., 
Kingston, Ontario. ) 

19-22. Semiconductor Symp. (Electro- 
chemical Soc.), Columbus, Ohio. (A. C. 
Beer, Battelle Memorial Inst., 505 King 
Ave., Columbus 1, Ohio.) 

19-23. American Public Health Assoc., 
87th annual, Atlantic City, N.J. (B. F. 
Mattison, 1790 Broadway, New York 19.) 

19-23. American Soc. of Civil Engi- 
neers, annual conv., Washington, D.C. 
(W. H. Wisley, ASCE, 33 W. 39 St., New 
York 18.) 

19-23. Radioisotopes in the Biosphere, 
symp., Minneapolis, Minn. (R. B. Calde- 
cott, Center for Continuation Study, 
Univ. of Minnesota, Minneapolis 14.) 

19-31. International Cong. of Thera- 
peutics, Strasbourg, France. (Prof. Fon- 
taine, Doyen de la Faculte de Starsbourg, 
France. ) 

19-31. Pan American Medical Assoc., 
10th conf., Mexico, D.F., Mexico. (J. 
Eller, PAMCA, 745 Fifth Ave., New 
York 22.) 

20-21. Reprocessing of Nuclear Fuels, 
AEC symp., Richland, Wash. (J. T. 
Christy, Hanford Operations Office, U.S. 
Atomic Energy Commission, Richland, 
Wash. ) 

20-22. Standards, 10th natl. conf., De- 
troit, Mich. (K. G. Ellsworth, American 
Standards Assoc., 70 E. 45 St., New 
York 17.) 

20-23. Clean Air, intern. conf., Lon- 
don, England. (National Soc. for Clean 
Air, Palace Chambers, Bridge St. London, 
S.W.1, England. ) 

22-24. Acoustical Soc. of America, fall 
meeting, Cleveland, Ohio. (W. Waterfall, 
ASA, 335 E. 45 St., New York 17.) 

22-24, American Documentation Inst., 
annual, Bethlehem, Pa. (C. G. LaHood, 
Jr., Library of Congress, Washington 25.) 

22-25. British Medical Assoc., 
clinical, Norwich, England. (W. Hedg- 
cock, BMA House, Tavistock Sq., Lon- 
don, W.C.1, England. ) 

23-24, Canadian Soc. for the Study of 
Fertility, Montreal, Canada. (J. F. Camp- 
bell, 238 Queen’s Ave., London, Ont., 
Canada. ) 

23-25. American College of Cardiol- 
ogy, 8th annual, Philadelphia, Pa. (P. 
Reichert, ACC, Empire State Bldg., New 
York 1.) 

23-27. American Heart Assoc., annual, 
Philadelphia, Pa. (W. F. McGlone, AHA, 
44 E. 23 St., New York 10.) 

24-29. Darwin Centennial, intern. cele- 
bration, Chicago, Ill. (Office of Public 
Relations, Univ. of Chicago, III.) 

24-29. First All-India Cong. of Zool- 
ogy, Jabalpur. (B. S. Chauhan, Zoologi- 
cal Survey of India, 34 Chittaranjan Ave., 
Calcutta 12.) 

26-27. American Cancer Soc., 


of Plastic and 


annual 


New 





VENOMS 


AAAS Symposium Volume No. 44 


6” x 9”, 480 pp., 113 illus., 
index, cloth, Dec. 1956 


Price $9.50. AAAS Members’ 
cash order price $8.25 


First International Conference 
on Venoms, with 95 contribu- 
tors from 18 countries. Com- 
prehensive coverage of ail as- 
pects of the problem. 


This book covers poisonous fishes and 
marine organisms, many species of 
venomous snakes, the Gila monster, 
toads, scorpions, spiders, caterpillars, 
wasps and other venom-bearing insects; 
hyaluronidaselike substances and other 
spreading factors in venoms; various 
chemical components of venoms, coagu- 
lant and anticoagulant factors, antigenic 
principles; various experimental and sug- 
gested clinical uses of venoms; clinical 
considerations: mortality rates, treat- 
ment of many kinds of envenomation; 
new developments in serotherapy and 
types of supplementary medication; dan- 
gers of refrigeration for treatment. 


Of special interest to: Physicians, 
pharmacologists, chemists, and zoolo- 


gists. 
AAAS 


1515 Mass. Ave., NW, Washington 5, D.C. 





_Lifiyette ws’ 


TRANSPARENT 
CELESTIAL GLOBE 


* Adjustable 
Satellite Orbits 

* Satellites Travel 
around Earth 
Automatically 

* Adjustable 
Sun and Moon 

* AdjustableLunar & 
orbital 
inclination 

* 80 Constella- 
tions—including 
all stars of 1st, 
2nd, 3rd, and 
4th Magnitude. 

* pon _—" 
used by the 
Navy—Air Force Only 99.50 
—and Marines. 


A true ‘‘mechanical universe.'’ Designed for and dedi- 
cated to those who recognize the challenge and adven- 
ture that lie on the frontiers of space. An easily under- 
stood working model of our universe. Permits compre- 
hensive explorations in time and space beyond the earth 
atmosphere. Traces the orbits of man made satellites. 
F-400 5.00Down Net 59.50 


FREE — 308 Page CATALOG—1960 Edition — FREE 


aieeee LAFAYETTE RADIO, Dept. sc9s-9 
anieee P.O. BOX 222 JAMAICA 31, N. Y. 
ON POST 


aon (O Send FREE LAFAYETTE Catalog 600 
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In the Laboratory ... where optical quality counts 


... the trend is to UNITRON Microscopes 


BINOCULAR 


PHASE CONTRAST 


POLARIZING BMPE $490 
MICROSCOPE 
MPS $269 


BINOCULAR 
AUTO-ILLUMINATION 
BMLU $425 


Photomicrography 
Set 
ACA $39.95 


UNITRON offers an extensive line of Laboratory Micro- 
scopes & Accessories for Research, Industry and Education. 
Illustrated is a partial selection for biology, medicine, 
chemistry and related fields. UNITRON also has companion 
instruments for the metalworking industries. 


Is (oh cto Mole) oh ilecol ello] Lb AMR hZelalet-te Me) ohiterel Relate Mul-teuteine 
ote] Me (-si {| MMPIRU ale [UI-MRelale MocolahZ-lal (otal me) ol-Ieel elute] MC-LoniU ets 

. long wearing construction . . . attractive budget prices 
which include basic optics .. . these, together with years of 
proven instrument performance, are the reasons why .. . 


THE TREND IS TO UNITRON! 


x, 


BINOCULAR 
PHASE- 
CAMERA- 
MICROSCOPE — 
 BU-13 $1580 . 


x 


Polaroid Land Camera 
Attachment 
$15 


STUDENT AUTO-ILLUMINATION 
MICROSCOPE 
MSA 





STEREOSCOPIC 


$267 | 


UNITRON 


INSTRUMENT DIVISION OF UNITED SCIENTIFIC CO. 


204-206 MILK STREET - BOSTON 9, MASSACHUSETTS 


Please rush UNITRON’s Microscope Catalog 4U-3 


Nome__ aE 6 EE LE ee ee ee ee 


Company 


Address__ 


City 





‘a 








York, N.Y. (ACS, 521 W. 57 St., New 
York 19.) 
26-27. Griseofulvin and Dermatomy- 
coses, intern. symp., Miami, Fla. (H. 
Blank, Dept. of Dermatology, Univ. of 
Miami School of Medicine, Miami 36.) 

26-28. Aeronautical and Navigation 
Electronics, IRE conf., Baltimore, Md. 
(L. G. Cumming, IRE, 1 E. 79 St., New 
York 21.) 

26-28. Analytical Chemistry in Nuclear 
Reactor Technology, 3rd conf., Gatlin- 
burg, Tenn. (C. D. Susano, Oak Ridge 
Natl. Lab., P.O. Box Y, Oak Ridge, 
Tenn. ) 

26-28. Gas Lubricated Bearings, 1st 
intern. symp., Washington, D.C. (S. W. 


Doroff, Power Branch, Office of Naval 
Research, Washington 25.) 

26-28. National Rehabilitation Assoc., 
Boston, Mass. (E. D. Callahan, 14 Court 
Square, Boston 8.) 

26-28. Society of Automotive Engi- 
neers, natl. transportation meeting, Chi- 
cago, Ill. (R. W. Crory, SAE, 485 Lex- 
ington Ave., New York 17.) 

26-30. Society of Photographic Scien- 
tists and Engineers, natl. conf., Chicago, 
Ill. (SPSE, Box 1609, Main Post Office, 
Washington, D.C.) 

26-30. Standardization (ISO), com- 
mittee on rubber, New York, N.Y. (ISO, 
General Secretariat, 1, rue de Varembe, 
Geneva, Switzerland. ) 





RAPID, PRECISE PIPETTING | 
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HAMILTON 
PIPET CONTROLS 


Youcan get smooth control of the meniscus 
with Hamilton Pipet Controls, assuring 
rapid and precise pipetting. The liquid 
meniscus is raised with the free sliding 
plunger almost to the calibration line, then 
the thumbwheel control brings it accu- 
rately to the scribe line. 


@ 1, 2 and 5 mi capacity controls available 
@ Glass and stainless steel construction 


@ Tygon tubing connection provides 
clean, flexible coupling 


Order direct, or write today for literature and prices. 
Also available through your supply house. 


HAMILTON COMPANY, inc. 


Department K, P.O. Box 307, Whittier, California 





PRECISION MEASURING EQUIPMENT FOR CLINICAL AND MEDICAL RESEARCH 








27. Association of Consulting Chemists 
and Chemical Engineers, annual symp., 
New York, N.Y. (A. B. Bowers, ACCCE, 
50 E. 41 St., New York 17.) 

28-29. Computer Conf., Chicago, IIl. 
(F. A. Judd, Armour Research Founda- 
tion, Technology Center, 10 W. 35 St. 
Chicago 16, Ill.) 

28-30. Aircraft Electrical Soc., Los 
Angeles, Calif. (E. I. Niles, AES, 920 
South Robertson Blvd., Los Angeles 35.) 

28-31. American Soc. of Tropical Med- 
icine and Hygiene, Indianapolis, Ind. (R. 
B. Hill, 3575 St. Gaudens Rd., Miami 33, 
Fla.) 

29-31. Animal Care Panel, 10th an- 
nual, Washington, D.C. (Animal Care 
Panel (ILAR), NAS-NRC, 2101 Con- 
stitution Ave., NW, Washington 25.) 

30-31. Society for the Scientific Study 
of Religion, New Haven, Conn. (J. E. 
Dittes, 409 Prospect St., New Haven 11, 
Conn. ) 

30-31. West Central States Biochemical 
Soc., Columbia, Mo. (D. F. Millikan, 
WCSBS, Dept. of Horticulture, College 
of Agriculture, Univ. of Missouri, Co- 
lumbia. ) 


November 


1-4. Society of Economic Geologists, 
Pittsburgh, Pa. (H. M. Bannerman, U.S. 
Geological Survey, Washington 25.) 

2-4. Atomic Industrial Forum, annual 
conf., Washington, D.C. (Atomic Indus- 
trial Forum, Inc., 260 Madison Ave., 
New York 16.) 

2-4, Geochemical Soc., Pittsburgh, Pa. 
(K. B. Krauskopf, Geology Dept., Stan- 
ford Univ., Stanford, Calif.) 

2-4. Geological Soc. of America, Pitts- 
burgh, Pa. (H. R. Aldrich, 419 W. 117 
St., New York 27.) 

2-4, Mineralogical Soc. of America, 
Pittsburgh, Pa. (C. S. Hurlbut, Jr., 12 
Geological Museum, Harvard Univ., Ox- 
ford St., Cambridge 38, Mass.) 

2-4. National Assoc. of Geology Teach- 
ers, Pittsburgh, Pa. (F. Foote, Dept. of 
Geology, Williams College, Williamstown, 
Mass. ) 

2-4. Paleontological Soc., Pittsburgh, 
Pa. (H. B. Whittington, Museum of 
Comparative Zoology, Harvard Univ., 
Cambridge 38, Mass.) 

2-5. Physical and Extractive Metal- 
lurgy, symp., Chicago, Ill. (Metallur- 
gical Soc. of AIME, 29 W. 39 St., New 
York 18.) 

2-6. American Inst. of Mining, Metal- 
lurgical, and Petroleum Engineers and 
Inst. of Metals, fall, Chicago, Ill. (E. O. 
Kirkendall, AIME, 29 W. 39 St., New 
York 18.) 

2-6. Collegium Internationale Allegal- 
ogicum, 4th symp., Rome, Italy. (A. Cer- 
letti, Pharmacological Laboratories, San- 
doz, Ltd., Basel, Switzerland. ) 

4-5. Diffraction, 17th annual conf, 
Pittsburgh, Pa. (P. K. Koh, Allegheny 
Ludlum Steel Corp., Research and De- 
velopment Laboratories, Brackenridge, 
Pa.) 

4-6. American Nuclear Soc., conf,, 
Washington, D.C. (American Nuclear 
Soc., John Crerar Library, 86 E. Ran- 
dolph St., Chicago 1, Iil.) 

4-6. Antibiotics, 7th annual symp., 
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Model WB-4 
Ultra-compact—smallest avail- 
able. Only 20” base diameter. 
Integral construction—14 ma- 
nometers. Amplitude and rate 
continuously variable. Write 
for complete information. 


GME 








the 


Ultra-Compact 
20-inch 


LARDY 
WARBURG 


continuously variable 


AMPLITUDE 


MIDDLETON, WIS. 
On Madison’s West Beltline Highway 

















GROW AEROBIC AND ANAEROBIC CULTURES IN THE 
GYROTORY 
INCUBATOR SHAKER 


A controlled temperature incubator with continuous 
shaking action. Agitation speed variable from 140 to 
400 rpm. Triple-eccentric-shaft stabilizing system dis- 
tributes positive rotary motion to every flask on the 
18” x 30” platform. Cool, quiet, smooth-running. 
Circulating MODEL G25 
heated air, the 
fully insulated 
unit provides 
constant tem- 
perature, ambi- 
ent to 60° C.,, 
+¥%° C. Other 
speed ranges, 
and connections 
for gassing avail- 
able. Adaptable 
for tubes, bot- 
tles, other glass- 
ware. 





Overall Dimensions: 25” long x 41” wide x 292” deep. 


UNCONDITIONAL ONE YEAR WARRANTY 
Write for Catalog G25-918 











, aN NEW BRUNSWICK SCIENTIFIC 
a 


CO., INC. 
C ABORATORY APPARAT 
SS 


P.0. BOX 606, NEW BRUNSWICK, NEW JERSEY 

















ERB & GRAY SCIENTI 












































FIC, INC. 


Sole Hitachi Distributor for the United States 
501 Fifth Avenue New York 17, New York 


your questions, and arrange a demonstration. 


on tue east const corrncr ERB & GRAY SCIENTIFIC, INC. 


the HITACHI HS-6 ELECTRON MICROSCOPE 


The Hitachi HS-6 permanent magnet Electron Microscope has been 
designed to fulfill a long-felt need in electron microscopy. The magni- 
fication range of 2000x to 28,000x is continuously variable. Focusing is 
achieved by altering the magnetic flux of the objective lens — leaving 
the accelerating voltage unchanged. 






One of the most outstanding features of the Hitachi HS-6 is 
the guaranteed resolution of 25 Angstron Units or better. The 
simplicity of operation, mechanics and circuitry make the HS-6 
an ideal Electron Microscope for the researcher in medical 
and biological! fields. 






Your inquiries are invited at either our West Coast or East 


Coast offices, where competent sales personnel will answer 


Sole Hitachi Distributor for the United States 


854 S. FIGUEROA ST. LOS ANGELES 17, CALIF. 
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NMC 


INDIANAPOLIS 


Nuclear 
Instruments 


AIR MONITORS 
wt 





Automatically record and warn of a, 8 and 
radiation in airborne particles for periods up 
to one week, unattended. Fixed or moving 
filters. Standard and custom units or com- 
plete systems. 


PROPORTIONAL COUNTING SYSTEMS 





For precision counting of a, 6 and y radia- 
tion from prepared samples. Ideal for C'*, 
Ca**, P® and H*. New low power design re- 
duces heat, assures longer life. 


COUNT RATEMETERS 





Operate GM, scintillation and proportional 
counting detectors. Equipped to drive 
recorders and alarms. Logarithmic or linear 
models for monitoring or laboratory use. 


PORTABLE SURVEY METERS 





High precision, compact, portable Geiger 
and scintillation counters. Critical compo- 
nents shock mounted and watertight. For 
precise laboratory measurement or rugged 
field use. 


SEND TODAY FOR FREE LITERATURE 
Nuclear 
(ZPD Measurements 


2460 N. Arlington Ave. 
Corp. Phone: Liberty 6-2415 
INDIANAPOLIS 18, INDIANA 


International Office: 13 E. 40th St, New York 16, N.Y. 
740 





Washington, D.C. (H. Welch, Div. of 
Antibiotics, Food and Drug Administra- 
tion, Dept. of Health, Education, and 
Welfare, Washington 25.) 

4—6. Design of Experiments in Army 
Research, 5th conf. (by invitation only), 
Fort Detrick, Frederick, Md. (F. G. 
Dressel, Office of Ordnance Research, 
Box CM, Duke Station, Durham, N.C.) 

4-6. Eastern Analytical Symp., New 
York, N.Y. (P. Lublin, Publicity Chair- 
man, Sylvania Research Laboratories, 
Bayside, N.Y.) 

4—6. Industrial Management Soc., Chi- 
cago, Ill. (R. J. Mayer, IMS, 330 S. 
Wells St., Chicago 6.) 

4—6. National Automatic Control Conf., 
Dallas, Tex. (G. L. Turin, Hughes Re- 
search Laboratories, Culver City, Calif.) 

4-6. Society of Rheology, 30th anni- 
versary, Bethlehem, Pa. (J. T. Bergen, 
Armstrong Cork Co., Lancaster, Pa.) 

4-6. Technical Assoc. of the Pulp and 
Paper Industry, 13th alkaline pulping 
conf., Jacksonville, Fla. (TAPPI, 155 E. 
44 St., New York 17.) 

5-8. Group for the Advancement of 
Psychiatry, New York, N.Y. (American 
Psychiatric Assoc., 1700 18 St., NW, 
Washington 9.) 

6. Gastroenterology Research Group, 
9th semi-annual, Chicago, Ill. (E. Clin- 
ton Texter, Jr.. Ward Memorial Bldg., 
Medical School, Northwestern Univ., 303 
E. Chicago Ave., Chicago 11.) 

8-13. International Rubber Conf., 
Washington, D.C. (B. §. Garvey, Jr., 
Pennsalt Chemical Corp., Industrial 
Chemicals Div., 813 Lancaster Pike, 
Wayne, Pa.) 

9-11. American Petroleum Inst., 39th 
annual, Chicago, Ill. (API, 50 W. 50 St., 
New York 20.) 

9-11. Association of Military Surgeons, 
66th annual conv., Washington, D.C. 
(R. E, Bitner, AMS, Suite 718, 1726 Eye 
St., NW, Washington 6.) 

9-11. Chemical Engineering, symp., 
Hamilton, Ontario, Canada. (Chemical 
Inst., 18 Rideau St., Ottawa 2, Ontario.) 

9-11. Institute of Radio Engineers— 
Electronics Industries Assoc., fall, Syra- 
cuse, N.Y. (L. G. Cumming, IRE, 1 E. 
79 St., New York 21.) 

9-11. Instrumentation Conf., 4th, At- 
lanta, Ga. (W. B. Jones, Jr., School of 
Electrical Engineering, Georgia Inst. of 
Technology, Atlanta 13.) 

9-12. Society of Exploration Geophysi- 
cists, 29th annual intern., Los Angeles, 
Calif. (B. Roberts, SEG, 1544 N. High- 
land Ave., Los Angeles 28.) 

10-12. Electrical Techniques in Medi- 
cine and Biology, 12th annual conf., 
Philadelphia, Pa. (D. A. Holaday, Col- 
lege of Physicians and Surgeons, Colum- 
bia Univ., New York, 32.) 

10-15. Laboratory Measurement and 
Automation Techniques in Chemistry, in- 
tern. cong., Basel, Switzerland. (ILMAC, 
61 Clarastrasse, Basel, Switzerland.) 

11-12. Clinical Anticancer Drug Re- 
search, Washington, D.C. (B. H. Mor- 
rison, III, Cancer Chemotherapy Na- 
tional Service Center, National Cancer 
Inst., Bethesda 14, Md.) 

11-13. Gerontological Soc., Detroit, 
Mich. (R. W. Kleemeier, Dept. of Psy- 
chology, Washington Univ., St. Louis 5, 
Mo.) 





HOMOGENIZER 
& MACERATOR 


for 1 c.c. to 100 c.c. 
with provision for cooling 














Cross-section 
showing how 
the 100 c.c. 
beaker is ac- 
commodated 
in the plastic 
container, 
providing 
space for 
coolant 

















Universal 
Container 
Attachment 
for quantities 
down to 1 c.c. 


Write for additional information 


q INSTRUMENTATION 
ASSOCIATES 


Distributors of 
Laboratory and Scientific Specialties 
17 West 60th Street New York 23, N. Y. 
























AUTOCLAVES 
STERILIZERS 


< RECTANGULAR 





ALL SIZES 
ALL TYPES 
FOR ALL 
PURPOSES 
Also Water Stills 





WRITE FOR COMPLETE 
ENGINEERING DATA 





40 Years Manufacturers 


THE HOSPITAL SUPPLY CO., INC. 
304 EAST 23 St. NEW YORK, N.Y. 
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UNIMA 


THE IDEAL MINIATURE MACHINE 
SHOP FOR RESEARCH LABS 
AND MODEL SHOPS 


MULTI-FUNCTION PRECISION MACHINE 
TOOL OCCUPIES NO MORE SPACE THAN A 
TYPEWRITER! Engineers and Designers sup- 
plement their sketches and blueprints with 
machined-to-scale models anybody can “read”. 
Technicians in research labs turn out machine 
work with amazingly small tolerances, down 
to .0004-of-an-inch! Manufacturers developing 
new products find UNIMAT indispensable in 
the mock-up shop. Hundreds { of efficiency- 
minded companies, hospitals and government 
agencies are now putting their UNIMATS to 
a thousand-and-one uses...it’s the practical 
machine for making small parts! Let us tell 
you how they can serve you. 














*BASIC UNIMAT includes motor, lathe and com 
ponents for converting to drill press, tool and surface 
grinding machine, and polisher-grinder. Low-cost 
attachments: jig saw, threader, circular saw 
indexer-divider. Plus complete range of machine 
accessories. 


{TO MENTION A FEW: 

Atom Products Division of GE, U.S. Naval Research, 
Bell Telephone Laboratories, Westinghouse, Pratt & 
Whitney, Raytheon, NYU-Bellevue Medical Center, 
Smithsonian Institute, General Motors. 


Write for illustrated literature and price list 
AMERICAN-EDELSTAAL/UNIMAT DIVISION 
DEPT. AI, 350 BROADWAY, NEW YORK 13,N.Y. 
ae 
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New Products 


The information reported here is obtained 
from manufacturers and from other sources con- 
sidered to be reliable, and it reflects the claims of 
the manufacturer or other source. Neither Science 
nor the writer assumes responsibility for the accu- 
racy of the information. A coupon for use in mak- 
ing inquiries concerning the items listed is in- 
cluded in the postcard insert. 
®BORANE DETECTOR monitors airborne 
borane in concentrations less than 10 
parts per billion. The detector cell con- 
tained in the instrument’s sampling head 
consists of a pyridine-pyridinium chlo- 
ride scrubber containing iodide and a 
small amount of iodine. Iodine is re- 
duced to iodide by the boranes. When 
the iodine concentration drops to a pre- 
set level detected by amperometric elec- 
trodes regeneration is initiated by gen- 
erating electrodes through a meter relay. 
The number of iodine-forming cycles in 
unit time is a function of borane con- 
centration. Indication is provided either 
by a digital counter or by a potentiom- 
eter recorder. (Mine Safety Applicances 
Co., Dept. 40) 


@ ULTRASONIC DELAY LINES claim 20 per- 
cent reduction in diameter and 40 per- 
cent reduction in weight of fused quartz 
required. The center frequency of a 
1500-usec line of the series is 32 Mcy/ 
sec, with bandwidth for 3-db response 
of 20 Mcy/sec. Maximum secondary 
level in 5 Mcy/sec about the center 
frequency is 43 db. Ripple in the pass 
band is +0.25 db. (Arenberg Ultrasonic 
Laboratories, Inc., Dept. 43) 


™®GAS AND VAPOR DETECTOR, Kitagawa 
Unico model 400, consists of a hand 
pump and detector tubes for specific 
gases and vapors. The pump is designed 
to draw air samples at a reproducible 
fixed rate that duplicates flow conditions 
used in calibration. Reagents are ad- 
sorbed on fine-grain silica gel hermeti- 
cally sealed in the glass detector tubes. 
Average error is said to be less than +5 
percent at 68°F. Temperature correc- 
tion tables are available. Thirty-six types 
of detectors are available for various 
gases in various concentration ranges. 
(Union Industrial Equipment Corp., 
Dept. 46) 


@ TIME-CODE GENERATOR is an electronic 
clock supplying coded output signals. 
The base carrier signal is a 100 cy/sec 
sine wave from which interpolation to 
+0.0025 sec is said to be possible. In- 
tervals of 0.2, 1, 10, and 60 sec are 
marked uniquely. Time announcements 
are made in decimal form every minute 
in 24-hour time. The instrument clock 
is a crystal oscillator stable to +3 in 
107/wk. Readout is an in-line, in-plane 
visual display. Start time may be pre- 
set to Greenwich Mean Time or other 
bases by a series of switches and may be 









Vhomid -Schoniger 
combustion 
apparatus 
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| for determination of halogens, 
sulfur, traces of metals, etc., 
in organic materials 


A simplified technique for catalytic com- 
bustion of organic materials in oxygen. 
The procedure converts organic materials 
into soluble combustion products which 
are then analyzed by usual inorganic 
gravimetric or volumetric methods. 


Consisting of a heavy wall flask, of boro- 
silicate glass, with ground glass stopper with 
attached platinum wire gauze sample carrier 
and specially cut low ash paper sheets which 
serve as sample holders. 

In use, sample is placed in the platinum 
carrier and the flask is charged with a small 
amount of absorbing liquid and with free- 
flowing oxygen. The paper is ignited; stopper 
with sample is seated in the flask and flask 
inverted at an angle. Combustion proceeds 
at high temperatures and combustion prod- 
ucts are absorbed in the liquid. Titrations can 
then be made directly in the flask. 

Results compare favorably, i.e., within 
+ 0.3%, with conventional methods. Because 
of low cost, time and space saving features, 
the method is finding wide use for many sub- 
stances which undergo complete combustion. 

See Wolfgang Schéniger, Mikrochimica 
Acta, 1956, Heft 1-6, pp. 869-876. 





6470-E. Combustion Apparatus, Thomas- 
Schéniger (Schéniger Flask), os above described, 
300 ml capacity, for samples up to 10 mg..... 28.35 
6470-G. Ditto, as above but with 500 mi flask, for 
samples up to 100 mg 



















SAMPLE 
| 
SAMPLE IN 

PAPER 

| HOLDER 
| 
TINUM 
SAMPLE CARRIER 
} ABSORPTION 
| LIQuID 
| STOPPER WITH 
| wane pani § GROUND VOINT 
PAPER HOLDER 





ARTHUR H. THOMAS CO. 


| Laboratory Apparatus 
and Reagents 
VINE ST. AT THIRD 
PHILADELPHIA 5, PA. 
| More and more laboratories RELY ON THOMAS 
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activated manually or automatically by 
a WWYV signal. Connection for a WWV 
receiver is provided as well as built-in 
WWYV propagation delays from 0 to 99 
msec. (Beckman Instruments, Dept. 57) 


™ ANGLE INDICATOR is a servo system for 
digital indication of angular position. 
The instrument is said to be repeatable 
within 0.6 min in either direction and 
accurate within + 6 min. Rotation is con- 
tinuous, and slewing speed is 180 deg 
in 14 sec. Operation is on 400 cy/sec, 
115-v power. (Kearfoot Company, Dept. 
59) 


CIRCUIT ANALYZER automatically per- 
forms three terminal measurements of 
complex impedances. Additional meas- 
urements of insulation resistance, diode 
forward voltage drop, and diode reverse 
resistance are also provided. A paper 
tape is used to program the analyzer, 
permitting the user to select test points, 
type of test, and tolerance limits. Print- 
out is provided when tolerance limits are 
exceeded. The input accepts a maxi- 
mum of 300 test points. Test signal fre- 
quency is 1591.5 cy/sec. Resistance 
range is 1.00 ohm to 100 megohm; ca- 
pacitance 10.0 pf to 1000 uf; inductance 





MICROSAMPLING 





FOR BOTH POTASSIUM & SODIUM 


MADE EASY 
WITH Bus NEW FLAME PHOTOMETER 


Years of technical and practical experience, and 
thorough field testing in laboratories of world- 
famous hospitals have enabled Baird-Atomic to 
produce the finest Flame Photometer for clini- 
cal work on the market today. 


Write today for Bulletin 

F701 with full technical in- > 
formation on B/A’s NEW 

Flame Photometer Model KY, » 
to: 


® 


" 
@ Beird 
mic 


Baird-Atomic, Inc. 
33 UNIVERSITY RD., 
CAMBRIDGE 38, MASS. 
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As little as .05cc of serum is needed for 
accurate Potassium and Sodium determi- 
nations 

Stable Internal Lithium Standard guar- 
antees dependable, consistant results 
Fast, direct-reading in Meq/liters . 
eliminates tedious calculations 

Outside contaminants and thermal drift 
eliminated by special sealed construction 
Adaptable to all laboratory or clinical 
situations . . . Compact, rugged, portable. 








10.0 wh to 1000 h. Tolerance limits are 
adjustable from +1 to +50 percent in 
eight steps. Testing rate depends on the 
type of measurement; the minimum rate 
is two tests per second. (Brooks Re- 
search Inc., Dept. 53) 


@GAS CHROMATOGRAPHY COLUMN DE- 
TECTOR, combining a Golay column, an 
ionization detector, and accompanying 
amplifier, is available as an integral part 
of chromatographic equipment or as an 
accessory for earlier instruments. Two 
types of detectors are available. In one 
the column effluent is ionized thermally 
in a hydrogen flame; in the other, ioni- 
zation is produced by beta rays from a 
Kr®5 source. The beta-ray unit is said to 
provide detectability in the range of 
10-14 mole of sample in carrier gas, the 
flame detector somewhat greater detect- 
ability. Electrical response time is 1 msec 
for either type. Effective volume of the 
flame detector is 1 to 3 mm’, of the 
beta-ray device 5 mm. Power supplies 
are line operated and include 300-v po- 
larizing batteries. (Perkin-Elmer Corp., 
Dept. 56) 


™ CONTROLLED-ATMOSPHERE =GHAMBER 
provides atmospheres with contamina- 
tion less than 1 part per million by 
evacuation to less than | x 10-* mm-Hg 
before introduction of the desired gas. 
Pressure of 5 x 10° mm-Hg is reached 
within 20 min. The unit is made of 
stainless steel, with a transparent plastic 
dome. (Scientific Engineering Labora- 
tories, Dept. 48) 


@ HYDROGEN AND CARBON ANALYZER 
uses a B-ray absorption system to deter- 
mine hydrogen or hydrogen-carbon ra- 
tios in hydrocarbons. Strontium-90 is 
the source. Operation depends on the 
high electron density in hydrogen as 
compared with that in other elements. 
Individual determinations can be made 
in about 15 min with statistical probable 
error +0.03 weight percent hydrogen. 
(Central Scientific Co., Dept. 52) 


@ STRAIN-GAGE AMPLIFIER measures 3.87 
by 1.87 by 1.16 in. Operation is from a 
28-v (nominal) d-c source. Output is 0 
to 5 v d-c. Frequency response is 0 to 
2000 cy/sec. Ambient temperature range 
is —65° to + 165°F. Vibration of 35 g 
and shock of 100 g are tolerated. 
(Statham Instruments, Inc., Dept. 55) 


® LEAK DETECTOR uses halogenated gas as 
the probing gas and detects the inleak- 
ing gas by change of color of a flame. 
The detector flame burns at a small 
orifice in a red-hot copper block. In the 
presence of halogen, the otherwise color- 
less flame becomes bright blue-green. 
The detecting unit, consisting of the 
copper-block burner, a flame shield, and 
a gas probe, screws on to standard blow- 
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Hill-Baldes Thermo-electric 


<epeaae 






Osmometer 


Produced by— 
ROSEMOUNT 
ENGINEERING 

COMPANY 


DIAGRAM OF VAPOR 
PRESSURE THERMOCOUPLES 





Cu Cu 


Constantan 
6mm a 
The REC OsmMomeTER utilizes a dy- 
namic thermoelectric method of 
measuring osmotic pressure origi- 
nally described by Hill and Baldes. 
It is a highly sensitive, accurate 
microapparatus. Operates on the 2 
comparison of the rates of evapora- 
tion of an unknown solution and a 
known or reference solution. The 
Osmotic pressure of the unknown 3 
solution can be calculated as a func- 
tion of the vapor pressure or tem- 
perature difference between the 
solutions. 


REC OSMOMETER 
has wide application 


contents, the tissue fluids 
insects. 


complex solutes. 


namic variables. 


e Pathology it can be used 

WRITE TODAY for 
Bulletin No. 75927 
environment, 


MEDICAL INSTRUMENTS DEPARTMENT 





4890 West 78th St. © Minneapolis 24, Minn. 


In the field of biology for 
@ examination of osmotic pres- 
sure of blood, urine, intestinal 


Inchemistry to aid in the deter- 
e mination of molecular weight 
and other characteristics of 


In physical chemistry and 
@ thermodynamics to determine 
osmotic coefficients, activity 
coefficients, dissociation con- 
stants and other thermody- 


In plant physiology and 
determine the characteristics 


of plant fluids as a function 
of temperature and gaseous 


ROSEMOUNT ENGINEERING COMPANY 





DROP 





designed by 
Grant C. Riggle 
of National 
Institute of Health 


Y4-IN. DIA TARGET AREA 

FORMED BY DROP ACTS AS 

LENS TO REDUCE LIGHT 

REACHING PHOTOTUBE. 

e Attachable to commercial fraction collectors without 
modification. 

e 4 in. diameter target area assures ‘‘no-miss’’ count. 

e No critical adjustment of dropping. 

@ Phototube blanking time as short as 0.5 millisecond. 

e Line fluctuations produce no spurious counts. 

e Operates reliably in refrigeration rooms. 


of 


to Send for Bulletin 177 





828 Evarts St., N.E. Washington, D.C. 




















ACCESSORIES 


70-660 
MANOMETER 


Membrane, 
Horizontal 





LEVER 


Heart, Horizontal Type, 
Ink Writing with Pen 





Bird, Continuous Feed 


KYMOGRAPH 


The outstanding features of modern in- 
dustrial recorders are retained in this 
instrument without losing the versatility 
necessary for kymograph work. Ink writ- 
ing levers are used exclusively. 

The machine feeds an 80 foot roll of 
paper, 6 inches wide, at any of its eight 
speeds. Four of these are had with ex- 
ternal gears of 40 and 56 teeth in one 
position, by simply operating a gear-shift 
knob. By reversing the external gears, 
four additional speeds become available. 
Cat. No. 70-140 
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70-736 
TAMBOUR 
Research, Air, Horizontal Type, 
Ink Writing, with Pen 


MANOMETER 


Metallic, Bellows, 
Horzontal Type, Ink 
Writing, with Pen 





PHIPPS ABIRD, ine. 


Manufacturers & Distributors of Scientific Equipment 


6th & Byrd Streets - Richmond, Va. 
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LABLINE.. 


the most direct 
line to quality 
and value... 





ae eel 


hb 


IMPERIAL CENTRIFUGE 
Model 10, Size 1 $690.00 


The most advanced performance. Features 
exclusive Keyboard Control Center, built-in 
safeties, electric brake, bearings grease- 
sealed, lubricated for life; backed by 50 
years of experience building centrifuges. 
Other models available. 














TSS 





















































LABLINE ENVIRON-CAB. 
Model 3960R 10 cu. ft..... $3300.00 


Built by pioneers in the development of 
environmental test equipment. Variable 
temperatures and humidities. Completely 
assembled, Other models 
available. 


ready for use 


The real test of any laboratory 
product is how it performs on the 
job. Labline products embody the 
skills acquired through years of 
building fine instruments and ap- 
paratus. Look for... ask for— 
Labline . . . your proof of quality! 


LABLINE, Inc. 


3070-82 W. Grand Ave. 
Chicago 22, Illinois 
Subsidiaries: Hudson Bay Co. 
Chicago Surgical & Electrical Co. 
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torch flasks of propane. ‘Vo hunt leaks 
in vacuum systems, the probe is con- 
nected to the vacuum-pump exhaust; 
and the system is sprayed with halogen- 
containing gas or suspected areas are 
painted with a volatile halogen com- 
pound. As little as 5 to 10 parts per mil- 
lion of halogen is said to be detectable. 
(Fisher Scientific Co., Dept. 63) 


™ COUNT AND TIME SCALER combines a 
decimal count scaler with an electronic 
time scaler. Preset time to 1000 sec, or 
preset count to 10", is measured. Resolv- 
ing time is 1 psec. The instrument in- 
cludes a full-range discriminator fixed 
mercury pulse generator, and an elec- 
trically reset four-digit register. Positive 
or negative input is accepted. (Radia- 
tion Instrument Development Labora- 


tory, Inc., Dept. 62) 


®VACUUM-TUBE VOLTMETER measures 
voltage between 100 pv and 1000 v, 1 
mv full-scale, with accuracy +1 percent 
of full scale. Current is measured from 
0.1 wa to 1 amp with accuracy +2 per- 
cent of full scale. Resistance can be 
measured from 0.02 ohm to 5000 meg- 
ohm. Voltage gain of the meter ampli- 
fier is 1000. Input is floating, with input 
resistance ranging from 10 megohm on 
the 1 mv range to 200 megohm on 
ranges above 100 v. The ohmmeter is a 
modified Kelvin bridge. (Hewlett-Pack- 
ard Co., Dept. 58) 


® OSCILLOGRAPH is a two-channel, direct- 
writing recording milliameter that uses 
electric or ink writing in rectilinear co- 
ordinates. Acoustic damping of the re- 
corder movement is 50 percent of criti- 
cal from current source drive. Source 
impedance for critical damping is 200 
ohm. Constant-current response charac- 
teristic is flat from d-c_ to 60 cy/sec, 
falling off at the rate of 12 db/octave 
from 60 to 200 cy/sec. Current sensi- 
tivity is approximately 2.5 ma/mm. 
Linearity is 2 percent of 20 mm full- 
scale. (Cohu Electronics, Inc., Dept. 61) 


™ CONDUCTIVITY CELL is designed for use 
at temperatures up to 200°C and pres- 
sures up to 300 lb/in.? (gage). Cell con- 
stant can be changed + 10 percent, per- 
mitting calibration while the cell is at 
working temperature and pressure. A re- 
movable shield protects the electrodes 
from direct impingement of flowing 
liquid. Trapping of gas bubbles is pre- 
vented by design of the cell; the cell 
may be operated in any position. (In- 
dustrial Instruments, Inc., Dept. 60) 


® MULTIPLIER PHOTOTUBE is designed for 
high resolution in scintillation counting 
and nuclear-radiation spectrography. 
Transit-time differences under typical 
operating conditions are kept down to 
0.3 musec. Width of the output pulse can 





















FLEXIFORMER 


PACKAGED TRANSFORMER PRIMARY 


TYPE TP150 


eth -yould 
TRANSFORMER 


Here is the original ‘do-it-yourself’ transformer. 
This portable, self-contained toroidal primary coil 
eliminates the task of obtaining the right trans- 
former for each new job... simply wind your 
own! Especially useful when high amperage at low 
voltage is required. Used to demonstrate basic 
transformer principles . . . serve as working lab 
equipment. The primary consists of a silicon steel 
core having a coil of 400 turns of copper wire. 
Completely enclosed in durable, high-impact plas- 
tic with integral SUPERIOR 5-WAY binding posts 
for making connections. Versatile laboratory, shop, 
classroom and inspection aid. 


A SOURCE OF A-C VOLTAGE 





AY 
INPUT BINDING POSTS 


OUTPUT BINDING POSTS 


FLEXIFORMER type TP150 has an input rating of 120 
volts, 50/60 cycles single phase and an output rating 
of 150 VA. The voltage of the secondary is proportional 
to the number of turns hand wound through the center 
opening. The correct number of turns is determined by 
dividing the desired output voltage (plus approximately 
25%) by 0.3 which is the volt/turn ratio of the 
FLEXIFORMER. 


A CURRENT TRANSFORMER 


400 TURN 
ENCASEO 
WINDING 






0-10 AMP. 


400 AMP MAX. 
50/60 CYCLE 
cin€ 





FLEXIFORMER type TP150 becomes the secondary wind- 
ing when used as a current transformer. A current car- 
tying conductor passing through the center opening 
serves as the primary. When used with a 0-1 ampere 
ammeter, currents up to 400 amperes can be measured 
with an accuracy of 1% at 60 cycles. Can be used as 
portable units or fastened permanently in place. 


_ WRITE FOR FLEXIFORMER BULLETIN __ 





THE 
—) O8 =3 >3 = 3 Ce) 51 
| >) > Os Bw - 3 Ce 


Lee). 8 =). 9. Bd 


572 Tripp Avenue, Bristol, Connecticut 
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be as little as 2 musec at half height with 
rise time of the same duration. Peak 
anode current is 1 amp, which is suffi- 
cient for direct use without amplifica- 
tion. At values up to 300 ma, anode cur- 
rent varies linearly with incident light 
flux. Fourteen multiplier stages provide 
gain of 108 or more, corresponding to an 
average cathode sensitivity of 50 wa/lu. 
Maximum useful diameter is 42 mm. 
Peak spectral response is 4200+300 A. 
(Mullard Ltd., Dept. 64) 


® ULTRAVIOLET ANALYZER, for automatic 
location of protein and nucleic-acid frac- 
tions eluted by column chromatography, 
monitors continuously during fraction 
collecting and records the ultraviolet ab- 
sorbing qualities of each collection tube. 
Transfer from one sample tube to the 
next is indicated by a pip on the strip- 
chart record. The system is electrically 
stabilized by a servo-driven self-nulling 
circuit that balances out line and light 
fluctuations and compensates for base- 
line changes resulting from the solvents 
used. Optical densities as small as 0.03 
are recorded. Cuvettes are optical quartz 
of capacity 1.1 ml. (Canal Industrial 
Corp., Dept. 65) 


"DELAY LINES of magnetostrictive design 
are said to have temperature coefficients 
of 5x 10°°/°C for fixed lines and for 
some adjustable models, and 25x 
10°°/°C for other adjustable models. 
Delay stability + 0.05 percent from — 60° 
to + 90°C can be provided. Output am- 
plitude is constant over the entire oper- 
ating range. (Deltime Inc., Dept. 66) 


"SCANNING PRINTER has 12-digit decod- 
ing and printing capacity for electroni- 
cally controlled data from decimal or 
binary-coded decimal sources. A 12- 
column input keyboard provides for 
manual insertion of data. Input resist- 
ance of the data-input circuits is greater 
than 1 megohm, so that power drawn 
from data-originating circuits is small. 
(Clary Corporation, Dept. 68) 


"SPEECH COMPRESSOR-EXPANDER speeds 
speech to twice normal rate in nine steps 
or slows speech to one-third normal rate 
in nine steps while retaining intelligibil- 
ity. Sensitivity for full-scale operation 
is 0.1 v r.m.s. Input signal recommended 
is 0.2 v r.m.s. Input impedance is 600 
ohm, Frequency response is +2.0 db, 
500 to 8000 cy/sec. Power supply is self- 
contained. (Kay Electric Co., Dept. 71) 


"ANALOG-TO-DIGITAL RECORDER records 
analog values of shaft rotation input in 
binary-decimal, punched-tape form. The 
tape accommodates 16 binary digits, 
equivalent to four decimal digits. The 
tape can be read directly or can be trans- 
lated automatically into standard com- 
puter tape or punched cards. In addi- 
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DURALAB 


LABORATORY FURNITURE AND EQUIPMENT 





MANUFACTURERS & 
DESIGNERS OF 


A Complete Line of Superior Quality 


@ TABLES @ CABINETS 
@ CASES @ FUME HOODS 
@ RADIO CHEM. LAB. EQUIP. 





See our catalog in Sweets 
Architectural Fi le 23 
Du 











@ For Catalog D2 illustrating 
our complete line of Labora- 
tory Furniture and Equipment, 
write today 





Visit our booths #1245, 1247, 1249 
at the 27th Expositi f Chemical 


“LABS 
THAT 


LAST" 


Specialists in the design and manv- 
facture of laboratory furniture and 


equipment, Duralab’s Standard, Sec- 
tional and Custom Built units are: 
Fireproof, Waterproof, Corrosion Re- 
sistant. 


FUME HOOD model HSVAEH- 
106 (illustrated) has been de- 
veloped for the Radio Chemical 
Laboratory. Write for full spe- 
cifications. 


@A copy of our complete 


Fume Hood Catalog DH3 is 
yours on request. Write today. 








Industries, Coliseum, New York City, 
Nov. 30-Dec. 4, 1959 


DURALAB eauipment corp., 





980 LINWOOD STREET 
BROOKLYN 8, N. Y. 








Temperatures 
to 250° C. (480° F.) 


Improved Temperature Uni- 
formity. With Hevi-Duty’s “circle- 
of heat” design, there are no cold 
corners. 

Fast Heat-Up. To 200° C. in less 
than one hour. 

Low-Cost Operation on either 115 
or 230 volts. Selector switch permits 
high or low input to enclosed heat- 
ing elements. 

Durable Double-Wall Construc- 
tion. Steel outer shell is prime 





coated on both sides to prevent cor- 
rosion. 

Accurate Temperature Control 
by sensitive bulb-type thermostat 
permits little lag or overshoot. 

For complete information, write for 
Bulletin 458. 





























Chamber Size Overall Dimensions Shipping 
Model Price Watts Volts 
Diameter | Depth Width | Depth | Height | Weight 
HK $169. 15 13 600 145/230 20 18 23 80 
HL $265. 20 18 1000 115 25 23 28 100 























BIP. 


Cc | BASIC PRODUCTS CORPORATION 


A DIVISION OF 





HEVI-DUTY ELECTRIC COMPANY, MILWAUKEE 1, WISCONSIN 
Industrial Furnaces and Ovens, Electric and Fuel * Laboratory Furnaces * Dry Type Transformers * Constant Current Regulators 
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tion to the punched-tape output, the 
device supplies digital information in 
the form of electrical contact closures 
that may be used for telemetering. 
(Fischer & Porter Co., Dept. 72) 


INDICATOR AND RECORDER is a Servo- 
operated device that provides digital 
read-out of electrical signals produced 
by transducers while simultaneously re- 
cording on a 3-in. strip chart. Chart 
drive is synchronous. Digital read-out 
accuracy is said to be +0.1 percent, 
chart accuracy + 1 percent. (Gilmore In- 
dustries, Inc., Dept. 67) 








® INERTIA SWITCH is sensitive to accelera- 
tion axially, radially, or omnidirection- 
ally from 0.01 to 500 g. Accuracy is said 
to be +0.1 percent, repeatability + 0.003 
percent. Automatic reset is optional with 
closure time variable, and adjustable ac- 
celeration setting can be _ provided. 
Weight is about 1 oz. (Safe Lighting, 
Inc., Dept. 73) 


®SUB-AUDIO TUNED AMPLIFIER is con- 
tinuously adjustable from 0.3 to 3000 
cy/sec. Attenuation of second harmonic 
is greater than 35 db, of third harmonic 
greater than 45 db, of higher harmonics, 





Contact 


HARSHAW 
SCIENTIFIC 


for your 
Laboratory’s 
Building Blocks 


FURNITURE 
APPARATUS 


INSTRUMENTS 
EQUIPMENT 


GLASSWARE 
CHEMICALS 


Harshaw stocks many thou- 
sands of items—from corks 
to electron microscopes— 
obtained from over 800 manu- 
facturers in all parts of the 
country. We would welcome 
an opportunity to serve you. 


ee 
HARSHAW SCIENTIFIC 


Division of The Harshaw Chemical Company 
Cleveland 6, Ohio 





BRANCHES 
CINCINNATI 13, OHIO DETROIT 28, MICH. 
1945 East 97th Street 6265 Wiehe Rd. 9240 Hubbell Avenue 
Tel. VUlcan 3-2424 Tel. REdwood 1-9100 Tel. VErmont 6-6300 
LOS ANGELES 22, CALIF. OAKLAND 1, CALIF. 
3237 Se. Garfield Ave. 5321 E. 8th St. 
Tel. RAymond 3-3161 Tel. KEllog 3-9169 


CLEVELAND 6, OHIO HOUSTON 11, TEXAS 
6622 Supply Row 
Tel. WAlnut 3-1627 
PHILADELPHIA 48, PA. 

Jackson & Swanson Sts. 

Tel. HOward 2-4700 


SALES OFFICES 
AMARILLO, TEXAS, 3409 S. Jackson Street, Tel. DRake 4-9948 » ATLANTA 5, GEORGIA, 3130 Maple Drive, N.E., 
Tel. CEdar 7-1626 « BATON ROUGE 6, LOUISIANA, 3160 Florida St., Doherty Bldg, Room 103, Tel. Dickens 3-1933 
BUFFALO 2, N. Y., 260 Delaware Avenue, Tel. GArfield 9200 * HASTINGS-ON-HUDSON 6, NEW YORK, 
Tel. LOrraine 2-6250 © PITTSBURGH 22, PENNSYLVANIA, 505 Bessemer Building, Tel. ATlantic 1-6668 
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50 db. Input impedance is 10 megohm 
shunted by 25 wuf. Output impedance is 
approximately 300 ohm. Amplification 
at the center frequency is approximately 
unity. (Electronics Lab., Inc., Dept. 74) 


® ULTRAMICROTOME produces automati- 
cally sections 75 to 400 A for study with 
electron microscopes. Single sections 1 
to 10 pw thick for optical microscopy can 
also be prepared. Specimen advance, ac- 
tuated by thermal expansion of two 
nickel cores, is controlled by varying 
current through the coils surrounding the 
cores. Current is applied only during the 
return stroke of the mechanism. The 
effect of the current, in addition to heat- 
ing, is to produce magnetostriction of 
the cores. The magnetostrictive contrac- 
tion of the cores retracts the specimen 
so that it does not contact the knife on 
the return sroke. Cutting rate is approxi- 
mately 30 sections per minute. (Philips 
Electronics, Inc., Dept. 84) 


MOSCILLOGRAM AMPLITUDE TABULATOR 
consists of a stationery unit, a printing 
counter, and a hand-held rectangular 
frame with two hairlines. One hairline is 
fixed; the other can be moved in either 
direction at fast or slow speed with a 
control knob. The instrument reads os- 
cillogram and strip-chart amplitudes up 
to 6.5 in. and prints this information on 
adding-machine tape. A sequential count 
is recorded for each reading. Amplitude 
reading and timing count are directly 
visible on the counter. (Gerber Scientific 
Instrument Co., Dept. 76) 


"POWER suPPLY for driving tape-re- 
corder motors is available for operation 
from either 24 to 28 v d-c or 105 to 125 
v, 48 to 62 cy/sec a-c. Output is 100 w 
with frequency regulation + 0.02 percent. 
Third harmonic content is said to be 
negligible. (Precision Instrument Co., 
Dept. 80) 


® MECHANICAL FORCE AMPLIFIER is a me- 
chanical servomechanism for amplifica- 
tion of small forces. Actuation requires 
less than 1 g; and output force can be 
as much as 500 g. The device uses a ring 
friction-driven by a roller. Input motion 
is applied to a control yoke that tilts the 
ring. The tilt causes the ring rotated by 
the roller to move laterally along the 
roller. Lateral motion of the ring is im- 
parted to a follower which transmits the 
output force. Maximum force is devel- 
oped at the null position. Time for full- 
scale travel of 2 in. depends on the angle 
of tilt and the rotational speed of the 
driver. At 300 rev/min the time ranges 
from 0.8 sec for 15-deg (max) tilt to 
6.1 sec for 2-deg tilt. (American Meter 
Co., Dept. 81) 

JosHua STERN 
National Bureau of Standards, 
Washington, D.C. 
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SCIENTIFIC APPARATUS 





ards—Klett Reagents. 





GLASS ABSORPTION 
CELLS = "," 


KLETT 





Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 


pat ayertyere 








Klett Manufacturing Co. 
179 East 87 Street, New York, New York 
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A MICRO SYRINGE/BURETTE 


Graduated In Units Of.0.0001 ml. 


Volume of liquid delivered is 
precisely measured with 

a micrometer — down to 
0.0001 ml. 


Total capacity 0.25 ml. 


Volume setting can be maintained 
for repeated deliveries of 
identical volumes. 






Quickly converted from 
micro-syringe to micro-burette. 





Teflon, glass, and stainless 
steel construction. 






Write for Brochure SM 












CALIFORNIA LABORATORY EQUIPMENT CO. 


$8 Riacen Read ° Berkeley 7, California 
































These energy-storage and discharge 
capacitors represent G-E custom de- 
sign for optimum cost per joule in 
applications ranging from a few units 
to million-joule banks. 

















GENERAL ELECTRIC CAPACITIVE 
SYSTEMS, backed by over 30 
years of research and develop- 
ment, provide the optimum 
combination of system effi- 
ciency, speed of discharge and 
economy of operation for 
pulsed power research prob- 
lems. 


A COMPLETE G-E SYSTEM, ca- 
pacitors and associated equip- 
ment, can be designed into a 
package to store energy meas- 
ured in a few or millions of 
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joules and capable of peak discharge in 
fractions of a second. Coordinated in a 
complete G-E package are matched charg- 
ing equipment, rectifiers, controls, protec- 
tive devices, racks, and various other 








General Electric Energy Storage 
and Discharge Capacitor Systems 
Provide POWER FOR RESEARCH 


components. Installation and testing are 
supervised by qualified General Electric 
personnel to assure peak performance. 


WHEN YOUR WORK demands controlled 
power for research with wind tunnels, 
plasma generators, ionic propulsion de- 
vices, or similar equipment, General Elec- 
tric offers a single source of supply. 


FOR OPTIMUM COST PER JOULE and max- 
imum service life commensurate with duty 
cycle, General Electric custom designs ca- 
pacitors, in a wide range of ratings, to fit 
your particular installation requirements. 


FOR FURTHER INFORMATION contact your 
nearest Apparatus Sales Office or sales 
representative, or write Section 447-15, 
General Electric Co., Schenectady 5, N. Y. 





Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
















PHYSICISTS — NUCLEAR ENGINEERS 


ENGINEERS and 
SCIENTISTS 
who value 
the opportunity 

to do original work, 
are invited to inquire 


about positions 
at the right. 
Please include 


salary requirements 


with resume. 





* 


5 areas 
where the 
physicist 


AL ELECTRIC’S AIRCRAFT NUCLEAR PROPULSION DEPT. 


lems of developing nuclear propulsion for aircraft and 
impinge upon many areas of theoretical and applied 
¢s—and must be carried on at a high level. 


ignments of unusual scientific interest are now open at General 
Electric in: 


THEORETICAL INVESTIGATIONS 

Conduct theoretical investigations into areas of solid state physics with em- 
phasis on effects of neutrons and photons on matter. (PhD) 

RADIATION HAZARD STUDIES 

Develop experimental and theoretical approaches to evaluation and limita- 
tion of radiation hazard for personnel. (PhD or MS, BS with 5 years experi- 
ence Health Physics) 

INTEGRATION of NUCLEAR THEORY and EXPERIMENTAL TECHNIQUES 


Develop improvements in reactor theory and methods of reactor analysis. 
Combine advances in nuclear physics, transport theory and handling of large 
numerical problems on digital computers. (PhD, MS) 


ADVANCED and PRELIMINARY 
DESIGN STUDIES of HIGH PERFORMANCE REACTORS 


To identify and evaluate reactor types and configurations for future require-- 
ments. Also REACTOR ANALYSIS and critical evaluation of existing and 
proposed reactor designs. Interpret results of mockup critical experiments. 


(PhD, MS, BS) 

NUCLEAR SHIELD PHYSICS 

A broad program requiring physicists and nuclear engineers, BS to PhD levels 
. +. Shield physics experiments to develop fundamental data 


... Shield design and analysis for both present and future nuclear propulsion 
systems 


... planning, design and analysis of shield tests of both partial and full-scale 
mockup configurations 


Write to: Mr. P. W. Christos, Div. 74-WK 
AIRCRAFT NUCLEAR PROPULSION DEPARTMENT 


GENERAL @@) ELECTRIC 


P.O. Box 132 Cincinnati 15, Ohio 


All scientists have the advantage of large-scale computing equipment at the site, as well as supporting programming personnel. 
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-—— PERSONNEL PLACEMENT ——— 














CLASSIFIED: Positions Wanted, a per 
word, minimum charge $4. Use of 
Box Number counts as 10 additional 
words. Payment in advance is required. 
Positions Open, $33 per inch or frac- 
tion thereof. No charge for box 
number. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 

Single insertion $33.00 per inch 

4 times in 1 year 30.00 per inch 
7 times in 1 year 28.00 per inch 
13 times in 1 year 27.00 per inch 
26 times in 1 year 26.00 per inch 
52 times in 1 year 25.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week) 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

Science 

1515 Massachusetts Ave., NW 
Washington 5, D.C 











Mili! POSIT1ONS OPEN jill 


Pharmacologist. Ph.D. with training or experi- 
ence in drug evaluation and pharmacodynamics 
for senior pharmacologist position. Please send 
vita and salary requirements to Personnel Man- 
ager, Baxter Laboratories, Inc., Morton Grove, 
Illinois. 9/11, 18, 25 











PHARMACEUTICAL RESEARCH AND 
DEVELOPMENT GROUP LEADER 


Ph.D. in pharmacy or pharmaceutical 
chemistry to lead group developing 
ethical pharmaceutical products. Two to 
five years of industrial experience pre- 
ferred. Excellent opportunity with rap- 
idly expanding Ames Company, sub- 
sidiary of Miles Laboratories, Inc. Send 
complete résumé, including salary re- 
quirements, to: 

Personnel Department 

Miles Laboratories, Inc. 
1127 Myrtle Street 
Elkhart, Indiana 














iil POSITIONS WANTED jill 


Microbiologist, M.I.T., Ph.D. Experienced in 
college teaching, food technology, preservation 
research, marine ot —— college teach- 
ing. Box 215, SCIENCE x 


Neuroanatomist-Neurophysiologist, Ph.D. Zool- 
ogy and medical school teaching; Phi Kappa 
Psi, Alpha Kappa Kappa, Sigma Xi. Age 33; 
14 publications. Curriculum vitae. Write Box 
200, SCIENCE. 8/28; 9/4, 11, 18, 25 











Virologist, Ph.D. For research, teaching, in vir- 


ology, tissue culture. Experience in medical 
Tahar a phage transduction. Box 212, 
SCIENCE, a4, 18, 28 





iiiiil POStr10Ns OPEN iil 


Biologist. For oyster research in eastern Can- 
ada. Headquarters, Ellerslie, Prince Edward 
Island. Minimum requirements: bachelor’s de- 
gree in biology and ability to organize and su- 
pervise laboratory and field work. Salary com- 
mensurate with qualifications. Position carries 
Public Service privileges. Further information 
from Director, Fisheries Research Board of 








Canada, Biological Station, St. Andrews, N. » 
Canada. 

Electron Microscopist, Ph.D. or equivalent. 
Research institute, New York. Modern well- 


equipped and well-staffed air-conditioned labora- 
tory. Must have adequate training and experi- 
ence in all phases of preparation of tissues and 
in handling machine. Apply Box 214, SCI- 
ENCE. 9/25; 10/2 





Hospital Biochemist. Duties include supervision 
of well-equipped clinical chemistry division of 
laboratory, setting up new methods, performing 
more difficult tests, teaching students. Ph.D. 
preferred. Fully accredited hospital, 350 beds. 
Liberal fringe benefits, including pension plan 
and social security. Apply to Personnel Director, 
The Norwalk Hospital, Norwalk, ecomae 





LOBUND INSTITUTE, University of Notre 
Dame, Letters of application are invited for 
positions on long-range research projects at 
Lobund. Research laboratories within the insti- 
tute, which conducts a variety of programs with 
germ-free animals, include bacteriology, bio- 
chemistry, physiology, virology, serology, oncol- 
oBy and immunology. Opportunities are avail- 

le immediately on two levels: Research Tech- 
nician and Senior Technician. ae require 
a wide range of qualifications from M.S. in bac- 
teriology or biochemistry ——o B.S. to college 
training with experience in laboratory proce- 
dures. Direct inquiries to Personnel Director, 
University of Notre Dame, Notre Dame, In- 
diana, 9/2 





New World-Wide Graduate Award Directories 
for American scientists, teachers, librarians to 
subsidize their education and research. Stipends 
$200-$10,000. Volume I (1957), $3; volume II 
(just published, no duplication), $3; both vol- 
umes, $5. Limited editions. Complete, specific 
information on 400 awards in Usieed States and 
Overseas in each volume. CRU » Sci., Box 
99, Station G, Brooklyn 22, NY eow 





18 SEPTEMBER 1959 














Research Assistant-Collaborator, with master’s 
degree or equivalent experience, for Philadel- 
phia university medical research group engaged 
in study of enzymes in_ pathogenesis of allergic 
and infectious diseases. Will train. Salary $4000. 
Post for graduate student, $2000-$2500, also 
available. Write Box 217, SCIENCE. 9/25 








Research Director, Ph.D. Unusual opportunity 
for capable, energetic, and ambitious person to 
have full responsibility for laboratory in growing 
medium-size Chicago area pioneer manufacturer 
of ingredients used in pharmaceuticals, foods, 
and feeds. Laboratory functions include research, 
development, “trouble shooting,” quality con- 
trol. Industrial experience required in allied 
field. Excellent growth benefits. Box 210, SCI- 

ENCE. 9/11, 18, 25 








RESEARCH ENGINEERS 


IF YOU - - - 

1. are experienced and interested in 
dynamic analysis and vibration engi- 
neering, 

2. have M.S. or Ph.D. degree or equiva- 
lent in specific experience, and have 
United States citizenship. 

3. desire to apply your knowledge to a 
wide variety of technically significant 
industrial and government problems, 

4. would enjoy a permanent staff posi- 
tion ensured by multiple sponsorship, 

5. would appreciate the opportunity to 
proceed with your graduate studies 
on a convenient basis while function- 
ing as a full-time staff member, 

6. enjoy working in communication and 
close professional contact with men 
from other scientific and engineering 
fields, 

7. would like to join the staff of one 
of the largest independent research 
organizations in the world, 


please contact: 
E. P. Bloch 
ARMOUR RESEARCH FOUNDATION 
of 
Illinois Institute of Technology 


10 West 35 Street 
Chicago 16, Illinois 































Expanding the Frontiers 
of Space Technology in 


MATHEMATICS 


@ The understanding and solu- 
tion of complex orbit and trajec- 
tory problems associated with 
space navigation place heavy 
emphasis on mathematics and 
analysis. Lockheed Missiles and 
Space Division is engaged in sev- 
eral areas of major interest to 
the nation’s progress in this field. 

In orbit and trajectory prob- 
lems, the effort is in two parts: 
satellite orbit predictions where 
Lockheed is endeavoring to 
calculate near-earth orbits so 
precisely that the gravitational 
potential of the earth and hence 
its shape and mass distribution 
may be deduced. This involves 
sophisticated statistical tech- 
niques for handling tracking in- 
formation as well as advanced 
mathematical and computational 
methods. Second: Lockheed is 
investigating trajectories in re- 
stricted three-body problems in 
the development of space navi- 
gation and vehicle design. Lock- 
heed mathematicians regard this 
unknown and highly intricate 
science as a boundary value, 
rather than an initial value 
problem, which is the present 
approach. 

Other research is being pur- 
sued in machine-oriented numer- 
ical analysis to find how best to 
utilize computers. Emphasis here 
is on seeking new methods of 
calculation and better control of 
errors, These latter studies are 
closely related to the interplan- 
etary trajectory problems which, 
because of their non-linear na- 
ture, must be solved by numeri- 
cal methods. 

ENGINEERS and 
SCIENTISTS 
If you are experienced in mathe- 
matical analysis; calculus of 
variations; numerical analysis; 
ordinary and partial differential 
equations; statistics; or error 
analysis, we invite you to join 
us in the accomplishment of one 
of the most challenging efforts 
in man’s history. Write: Research 
and Development Staff, Dept. 
1-44, 962 W. El Camino Real, 
Sunnyvale, California. U.S. 
citizenship required. 


Lockheed 


MISSILES AND SPACE 
DIVISION 


SUNNYVALE, PALO ALTO, VAN NUYS, 
SANTA CRUZ, SANTA MARIA, CALIFORNIA 
CAPE CANAVERAL, FLORIDA 
ALAMOGORDO, NEW MEXICO * HAWAII 



























































































































































































































































































































































































































































































































































































































iil| POStx10NS_OPEN || 


(a) Research Director; M. D., Ph.D. experienced 
bioassay, testing, screening pharmaceutical 
agents in animals; major research in pharma- 
cology of unknown drugs, acute, chronic toxic- 





ity testing, preclinical pharmacology, cancer 
research; private research facility university 
affiliated; to $13,000 or better; West Coast. 
(b) Biochemist; M.S. preferred; fully approved 
400-bed general hospital; $6600 up; midwest- 
ern college city 65,000. (c) Bacteriologist; 
Ph.D. to conduct basic research in infectious 
diseases, participate in study, development of 
synthetic drugs; to about $10,000; prominent 
eastern concern. (d) Biochemist experienced in 
radioisotopes or Organic Chemist with steroid 
experience; Ph.D. desired for research appoint- 
ments, eastern research institute; $8400 up. 
Woodward Medical Bureau, Ann Woodward 
Director, 185 North Wabash, Chicago. xX 





SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently needed for posi- 
tions in many states and foreign lands. Monthly 
non-fee placement journal since 1952 gives com- 
plete job data, salaries. Members’ qualifications 
and vacancies listed free. 1 issue, $1.00. Yearly 
(12 issues) membership, $5.00 RUSADE, 
SCI., Box 99, Station G, Brooklyn 22, N.Y. ew 





Soils Chemist and/or Plant Physiologist, M.S. 
or Ph.D. for research department o national 
wholesale seed firm with headquarters in Mid- 
west. Major assignments in plant-soil relation- 


ships in laboratory and field. Salary negotiable. 
Include summary of major academic accomplish- 

a in initial application. Box 216, SCI- 
NCE. 
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The Market Plate 


BOOKS « SERVICES +» SUPPLIES + EQUIPMENT 








DISPLAY: Monthly invoices will be sent 
on a charge account basis—provided 
that satisfactory credit is established. 
Single insertion $33.00 per inch 

4 times in 1 year 30.00 per inch 
7 times in 1 year 

13 times in 1 year 

26 times in 1 year 26.00 per inch 

52 times in 1 year 25.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 


27.00 per inch 











||| PROFESSIONAL SERVICES || 








ARE YOU AN 
UNPUBLISHED AUTHOR? 
If you have a book length manuscript you would like 
to have published, our editorial staff will be glad to 
consider it. Submit your work for free editorial evalu- 
ation and further information. We consider all types of 
material: fiction, poetry, juveniles, corporate histories. 


{GREENWICH BOOK PUBLISHERS 
Atten.: Mr. Inman, 489 Fifth Ave., N.Y., N.Y. 








{||| SUPPLIES AND EQUIPMENT | 














YOU NEED THIS FREE 
CATALOG FOR YOUR FILES, 


Serums, antiserums and bloods 
of all kinds for technicians and tissue <4 
culture laboratories. No salesman will call. 


COLORADO SERUM CO. 
4950 York St.* MAin 3-5373 * Denver 16, Colo. 



















|||||| SUPPLIES AND EQUIPMENT Il 
ELECTRIC 


LAB 
MER 


Giant 8” Dial 





GRA LAB INTERVAL TIMER Automatic signalling and 
switching over unusually wide range of 3600 possible 
settings. 

GRA LAB MICRO TIMER 1/10 sec. or 1/1000 min. 
stop clock. Remote start stop control. Write for catalog. 


DIMCO-GRAY comPANy 
214 E. SIXTH ST., | DAYTON 2, OHIO 


e HYPOPHYSECTOMIZED RATS 


Shipped to all points via Air Express 
Hor further information write 
HORMONE ASSAY LABORATORIES, Inc. 
8159 South Spaulding Ave.. Chicago 29, Ill. 











ZEISS ULTRAPHOT phase-fluorescence 
microscope, 1% years old. Top condition; 
16 percent off market price. New York. 


BOX 218 SCIENCE 














| Rats from the Wistar Strain | 


Laboratory Animals 
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ALBINO FARMS, PO Box 331 
RED BANK, NEW JERSEY 


sioyswe TY 











Swiss Mice — Albino Rabbits | 
750 






















 wats* 


vf the veterinarian 
Ve research. 


HYPOPHYSECTT DMIZED RATS 


albino 


From the hand 


* CHARLES RIVER CD (Caesarean-derived) 
* CHARLES RIVER SD (Sprague-Dawley 


descendants) 


* CHARLES RIVER W_ (Wistar descendants) 


THE CHARLES RIVER BREEDING LABS 
Dept. B 1093 Beacon St. Brookline 46, Mass. 





iil BOOKS AND MAGAZINES ||| 





Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
eriodical files you are willing to _ at high mar- 
et prices. Write Dept. ASS, C NNER’S, Inc. 
somes 3 Massachusetts 


FREE Vite Gas 
tion to AERO- Chremategraphy 


GRAPH Research 
Notes, a technical 
publication on new developments in gas 
chromatography. We offer a complete selection 
of essential supplies and the Aerograph line 
of GLPC equipment. 
Send for your free subscription today 
WILKENS INSTRUMENT & RESEARCH INC. 








ox 313, Walnut Creek, Callfornia YEllowstone 5-1469 

















DVORINE 


PSEUDO- 
ISOCHROMATIC 
PLATES* 

@ Distinguishes the color- 
blind from the color- 
ignorant. 

@ Classifies the color-blind 
according to type and 
severity of defect. 

arrangement 

prevents malingering. 





* The most widely 
accepted test in 
the US. Used by e Special 
Medical Examin- 


f the CAA 
VA a Armed $15 a set, less 5% if 
Forces. you send check 


SCIENTIFIC PUBLISHING CO. 


2328 Evtaw Place—Dept. S—Baltimore 17, Md. 














EVOLUTION 
OF NERVOUS CONTROL 
FROM PRIMITIVE 


ORGANISMS TO MAN 


AAAS Symposium 
Volume No. 52 


Editor Allan D. Bass 


Published June 1959 


x 9’, 240 pp., 61 illus., 
references, index, cloth 


AAAS members’ cash orders $5.00, 
Retail $5.75 


Contents: 


Bernard B. Brode: Preface 

Edmund W. Sinnott: A Common 
Basis for Development and Be- 
havior in Organisms 

M. C. Niu: Current Evidence 
Concerning Chemical Inducers 

C. Ladd Prosser: Comparative 
Neurophysiology 

Harry Grundfest: 
Conduction in 
System 

George B. Koelle: Neurohumoral 
Agents as a Mechanism of 
Nervous Integration 

Joseph V. Brady: A Comparative 
Approach to the Study of Drug 
Fifects on the Behavior of 
Higher Animals 

Irvine H. Page: Chemistry of the 
Brain: Past Imperfect, Present 
Indicative and— Future Per- 
fect? 

Hans-Lukas Teuber: Some Alter- 
ations in Behavior after Cere- 
bral Lesions in Man 

I. Arthur Mirsky: Psychoanalysis 
and Human Behavior: Experi- 
mental Approaches 

Index 


Evolution of 
the Nervous 


British Agents: Bailey Bros. & Swinfen, Ltd. 
Hyde House, W. Central St. 
London W.C.1, England 


American Association for the 
Advancement of Science 
1515 Massachusetts Ave., NW, 
Washington 5, D.C. 
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SIEMENS 


MEASURING 
INSTRUMENTS 






























8 AU 


A resolving power better than 15 AU 





is guaranteed for the Electron-Microscope 


ELMISKOP | 


designed for normal routine work and for special research 
problems in science and industry. 


Special features: 

Beam voltages 40, 60, 80 and 100kv. 

Direct magnification continuously variable from 200 to 160,000 times. 
Fine-focus condenser for transmission of smallest specimen regions 
down to a diameter of 3 microns. 

Adjustable magnetic stigmators in condenser and objective. 
Transmission microscopy (bright- and dark-field, stereoscopic and 
selected area micrographs). 

Diffraction (normal transmission diffraction with and without lenses, 
high-resolving diffraction, reflection diffraction for conducting speci- 
mens, simultaneous diffraction, selected area diffraction). 

Universal diffraction unit with heating device (optional). 

Object cooling stage (optional). 
























For work in the industrial field and medical 
research the simplified design 


ELMISKOP Il is of increasing importance: 
Resolving power better than 25 AU. f 
Beam voltages 40, 50 and 60kv. & 
Direct magnification up to 30,000 times. bent at et’ © 
Accessories for specimen preparation: , See Re > 
Vacuum Evaporating Unit a. , 4 Me 4 
11-ke Emulsifier ee 
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direct magnification 100,000 times 
total magnification 1,000,000 times 


SIEMENS & HALSKE AKTIENGESELLSCHAFT 
BERLIN +MONCHEN 


SIEMENS NEW YORK INC. THE AHEARN & SOPER CO.LTD. 


350, FIFTH AVENUE - NEW YORK 1, N.Y. - TELEPHONE: LONGACRE 4-7674 OTTAWA (CANADA) - P.O.BOX 715 - TELEPHONE: C 34068 











New, precise, rapid way 
to measure soil moisture and 
density in the field 





Now you can make soil moisture and density measure- 
ments in the field and get immediate, on-the-spot 
results. Surface probes are merely placed on top of 

the soil. Depth probes are dropped into a hole or 
access tube for determinations at any desired depth. 

A simple, two-minute measurement based on the laws 
of nuclear scattering and absorption gives a precise, 
calibrated reading of moisture content or density. 
Accuracy equals or exceeds other tedious and 
time-consuming procedures. 


More than one hundred d/M-Gauge systems, proved 
in actual field use, are now being used in the 
construction industry and in soil and agricultural 
research. For full details write for descriptive ten-page 
d/M-Gauge brochure. 
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349 E. Howard Ave., Des Plaines, Ill. 


Cross section of depth- SENSITIVE 
moisture probe. Fast neu- 

‘trons are reflected back 

into probe’s detector 

‘Tole elaed lel melelsmmcemalcr- Taek 

hydrogen atoms. Note sig- 
albiler-taba@rcliileltlal@elmuireteciats|| DETECTOR 
measured. 


Technician placing depth probe over pre- 
viously inserted access tube. Accurate 
soil density or moisture measurements 
can be made at any depth to 200 feet. 


Easy to use surface probe gives accurate, 
reproducible results. Probe measures 4 
semispherical volume of material to depth 
of approximately ten inches. 











